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QUESTION IX 
(Terminal stations for passengers), 
By L. MACCALLINI, special reporter. 


1. Scope of the question and the 
Administrations consulted. — Question IX 
on terminal passenger stations, especially 
as regards the investigation of the best 
methods, arranging these so as to reduce 
the number of movements of engines and 
empty stock, has been dealt with in two 
reports, one for English speaking coun- 
tries (*), and the other for the remaining 
countries (*). In these reports are given 
details of the most important terminal 
stations on thirty-four railways in the 
following countries: South Africa, En- 


(1) Vide Bulletin of the Internativnal Railway 
Association, April 1922. 

(2) See Bulletin of the International Railway 
Association, October 1924, p. 1483. 

(3) See Bulletin of the International Railway 
Association, March 1922, p. 553. 


gland, Australia, Canada, Scotland, United 
States and India; and on sixteen railways 
in the following other countries: Belgium, 
Denmark, Spain, France, Italy, Norway, 
Holland, Portugal, Sweden, Switzerland. 

We will commence with a brief résumé 
of the most important points which 
appear in the two reports, and will then 
draw our conclusions on the two reports 
taken together. 


2. Importance of the subject. — The 
question of the best lay-out of terminal 
passenger stations and the best organiza- 
tion of the service with a view to 
reducing the number of movements of 


‘engines and empty stock is of great 


importance, in order to increase the 
capacity of the stations and to ensure 
economical and regular working. 
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3. General remarks, — The arrange- 
ment which may be best as regards 
simplifying and reducing shunting may 
give rise to conditions which are less 
satisfactory or even unsatisfactory from 
other points of view. In addition to this, 
local considerations generally have a 
very great influence on the choice of 
lay-out, and this accounts for the great 
diversity of types of stations, each one 
of these constituting, one may say, a 
special case, hence it is difficult to draw 
general detailed conclusions. 


4, General types of terminal passenger 
stations. — In report No. 1, the stations 
are classified according to the arrange- 
“ment of the approach lines, platform 
lines, and the main building under the 
following headings: dead end stations; 
stations with through lines; loop stations; 
stations of combined types. 

The author of report No. 2 prefers to 
classify more strictly the terminal stations 
as: dead end or through, from the point 
of view of layout, and as: end of the run 
or reversing stations as regards the traffic 
working. 

The dead end stations obviously give 
rise to the more serious difficulties as 
regards shunting movements. These oper- 
ations are, on the other hand, much 
easier in the through stations and in 
their derivatives, the loop stations. 


5. Loop stations and tracks. — These 
stations are a very interesting speciality 
of the American railways, which cer- 
tainly have their own particular needs as 
regards their passenger stations. These 
have not as yet been adopted by the 
railways of other countries (*). It may 
be said that the lay-out of the loop tracks 
provides an ideal solution of the problem, 
It allows the direction of the train to be 
reversed by a simple continuous movye- 
ment, without altering the marshalling 


(4) Except on one of the London tube railways. 
(English Editor's note.) 


and obviating the necessity of re- 


marshalling, detaching or turning any 


of the units, either engines, coaches or 
brake vans of which the trains are made 
up. This applies to the intensive work- 
ing of suburban trains which® need to 
return in the opposite direction with the 
least possible delay, to main line trains 
which are returning in the other direc- 
tion, or, in general, to all movements of 
sets of empty stock which proceed to the 
carriage sidings before again being used, 
and also to engines returning to or 
coming from the shed. If one considers 
the difficulties which these movements 
give rise to in dead end stations, the great 
advantages of such a lay-out will be 
appreciated, although this arrangement 
requires plenty of’ space, and entails 
considerable expense. 

The loop type of station affords special 
facilities for the location of engine sheds 
and carriage sidings. 

Report No. 1 gives examples of the 
application of the loop system in some 
of the most modern American stations. 
We may specially mention the New York 
City Central Station, the largest in North 
America. This station has lines on two 
levels, the lower level being for suburban 
trains and the higher level for main line 
trains. Here we have a well designed 
combination of loop stations with dead 
end stations, the latter tracks being 
within the loop. The incoming suburban 
trains stop at the arrival platforms and 
then run round the loop to the departure 
platforms or the empty stock sidings, as 
the case may be. The dead end lines are 
reserved for trains that cannot be unload- 
ed sufficiently quickly, or for departure 
trains. These trains, after having run 
round the loop, set back into the dead 
end lines. 

The Broad Street Station and the 
Pennsylvania New York City . Station 
with its Sunnyside empty stock sidings, 
are other characteristic examples, these 
being in fact through stations provided 
with loops to turn the trains when 


— 758 — 


putting them away in the 


sidings. 


carriage 


6. Triangular lay-outs. — Another inter- 
esting lay-out of traks which enables 
the shunting operations to be reduced to 
a minimum, as regards the marshalling 
of trains at dead end stations, is the 
triangle. This arrangement is very use- 
ful, especially on lines which make a 
practice of using special rolling stock 
and which have definite rules as to the 
marshalling of the trains. This arran- 
gement has also been adopted in America, 
in the Joint Station at St. Louis, which 
is a dead end station. The triangles, 
which serve the two groups of platform 
lines, are here placed immediately in 
rear of the station and the trains can be 
turned on arrival or departure. 

The triangles should be placed, when- 
ever possible, between the station and 
the empty stock sidings, to avoid all 
unnecessary movements. 

In all other countries, the arrangement 
of triangular tracks is only used in 
certain cases to meet exceptional cir- 
cumstances. 

The triangles are not so advantageous 
as the loops. Like the latter, they need 
considerable space. 


7. Approach lines, capacity of stations, 
length of platform Unes, curves, and their 
effect on shunting operations.—Although 
freedom and independence in shunting 
operations in a station has more effect 
upon the capacity and regularity of the 
service than upon the number of move- 
ments necessary, it should be remarked 
that the numerous movements which take 
place at the entrance of a dead end 
station render it essential that there 
should be a sufficient number of running 
lines in proportion to the number of 
platform lines, and that these should be 
suitably arranged. Besides this, the need 
for reducing the amount of shunting 
- increases with the intensity of the traffic, 
and with the reduction in the time 


between trips. Also it is evident that 
platform lines should be sufficiently long 
to accommodate the longest trains, thus 
avoiding the necessity of dividing these 
and placing them on two lines, thereby 
causing additional shunting. This may 
entail, as in the St. Louis Station, the 
arrangement of the lines in two groups 
in order to gain useful space on the 
outside lines. 

Owing to the inconvenience experienc- 
ed when shunting on curves, it is advis- 
able that lines on which much shunting 
has to be done should be straight. 


8. Separation of suburban and main 
line services. — Suburban and main line 
services give rise to entirely different 
conditions, and each should have their 
own special accommodation. It is recog- 
nised that the two services and_ the 
shunting in connection with the same 
should be separated and specialised to 
a degree depending upon their relative 
importance. In stations where the sub- 
urban service is not very important, or 
is only so at certain periods of the day, 
it is sufficient to allot special platforms 
to it during these periods. The suburban 
services are especially developed,,.in 
England. 


9. Baggage, post and parcels services. 
As arule, the luggage vans are loaded 
and unloaled at the platforms in the sta- 
tion building. 

None of the Administrations run trains 
solely for conveying luggage, and very 
few make a practice of placing the vans 
in special sidings for loading and unload- 
ing. The method generally adopted is, 
moreover, the most convenient one for 
avoiding shunting operations. Attention 
need only be drawn to the necessity of 
speeding up the loading and unloading 
in order to free the platform lines as 
quickly as possible, without being obliged 
to move the vans, or to draw them out to 
make room for another train, and then 
to bring them back to the platform to 
complete the unloading. 
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The same does not apply to the postal 
and parcels services conveyed by pas- 
senger train. As a rule the nature of 
these traffics renders necessary the use of 
separate and specialised accommodation. 
This will obviously cause a_ greater 
amount of shunting, but is imposed by 
other more important considerations. 
It is therefore necessary to make a careful 
study of these special arrangements, in 
order to obtain the maximum rapidity 
with the minimum amount of shunting, 
to place the vans for loading and un- 
loading and to convey these to the trains 
and incorporate them therewith. 

The sidings used for these services 
should therefore be placed close to the 
platform lines, as a prolongation or at 
the side of these, and be connected in 
such a way as to render communication 
between them easy and independent. 

A number of railways have found it 
necessary, on account of the importance 
of the postal and parcels traffic, to run 
trains exclusively for these services. 
In these cases, the necessary accommoda- 
tion has been developed to such a point 
as to become separate stations or build- 
ings apart from the passenger station. 
However, when the parcels do not form 
the complete train load, they are as a 
‘rule loaded or unloaded while the train 
is standing at the platform,and are taken 
on hand trucks to the post or parcels 
office, without the necessity of any 
shunting. 

In order to speed up unloading, with- 
out inconveniencing the passenger, in 
dead end stations where the luggage, 
postal and parcels vans are placed at the 
head of the train, some of the more 
recently constructed American stations 
are provided with intermediary plat- 
forms, used exclusively for parcels and 
other supplementary services, Expe- 
rience has proved that these are very 
advantageous, and do not occupy an 
excessive amount of space. 

This question of shunting entailed by 
luggage, postal and parcels services, 


should be considered in accordance with 
the position which the vans used for 
these will occupy on the train. 

As we have already stated, the Amer- 
ican railways always place these vans at 
the head of the train, immediately after 
the locomotive, hence the necessity for 
having, as a rule, a special lay-out for 
turning the trains or sets of coaches at 
stations where the direction of running 
is reversed. On other railways they are 
placed at the head, in the middle or at 
the tail, according to the local conditions 
of the stations, etc., with the object of 
facilitating marshalling and shunting in 
general. Some railways run luggage vans 
at the two ends. This arrangement is 
to be recommended for trains which are 
to run in either direction. 


10. Separate platform lines for arrivals 
and departures. — It has been found 
that the complete separation between 
arrival and departure platforms in termi- 
nal stations, while being very convenient 
for the public and for the organization 
of the various services, entails great 
inconvenience as regards moving the 
train sets, and reduces the total capacity 
of the station. In loop stations, which 
have the arrival and departure platforms 
on the opposite side of the loop, the 
separation is a straight forward matter. 
As a rule, it is preferable to use the plat- 
form lines for either purpose, though at 
the same time attempting to allot to each 
some definite service according to the 
situation of the platform lines in relation 
to the main running lines. 


11. Movements of engines between the 
station and shed. — The movements of 
engines between the station and the shed 
should be made, as far as possible, on 
lines independent of the main lines, and 
which are in communication with the 
platform lines and carriage sidings. It 
will also make for simplicity and rapi- 
dity if the engine sheds and carriage 
sidings are situated near to the station. 
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The movements of train engines pres- 
ent no difficulties as a rule in through 
stations or loop stations, or even in dead 
end stations where the trains set back 
into the station after having been turned. 
Waiting bays at the ends of the platforms 
facilitate the. changing of engines of 
trains that are continuing their journey. 

On the other hand, serious difficulties 
are experienced in dead end stations in 
liberating engines of arriving trains 
from the ends of the platform lines, either 
to allow them to return to the shed or 
run round the train (especially in the 
case of quick suburban services) when 
the train is taken out again by the same 
engine, 

Lay-outs designed to overcome these 
difficulties are arranged to connect two 
or more platform lines together at the 
head of the platforms by simple means, 
such as « scissors » cross overs and 
traversers, or consist of central liberat- 
ing lines between two platform lines, 
connected with these at the two extre- 
nities, or, less frequently, by turntables 
or traversers. These central lines are 
preferable for suburban services, and 
may at the same time be used for 
accommodating engines and vehicles. As 
a rule, however, these devices have the 
disadvantage of depriving the public of 
the most convenient part of the platform 
accommodation and prevent any exten- 
sion of the platforms. 

In the large modern dead end stations, 
where there is no dense suburban traffic 
to be dealt with, there is a tendency to 
simply terminate the platform lines at 
ihe buffer stops without any special de- 
vices, provided that the arrangement of 
the empty stock sidings allows the empty 
trains to be removed as soon as the 
detraining and unloading is finished. 

In order to reduce as far as possible 
the movement of engines at the engine 
sheds, it is essential that these should be 
so arranged that the various operations 
may follow one another in their proper 
order, without unnecessary movement in 


carrying them out. In the most modern 
examples, engines may obtain coal, water 
and sand simultaneously. It is necessary 
to have separate lines for entering and 
leaving. 


12. Movements necessary for attaching 
and detaching vehicles. — In order to 
reduce these movements as far as possible 
in terminal stations, interior and inter- 
mediary connections are provided be- 
tween adjacent platform lines in order 
that vehicles may be taken out or added 
without having to shunt the whole train 
(St. Louis and Washington Stations). 

For the same reasons, electric traver- 
sers are in almost general use. These 
link up all the lines near their ends close 
to the neck of the station. The use 
of turntables at the ends of the lines is 
becoming more and more rare, A turn- 
table located in the vicinity of the sta- 
tion may, however, be very useful for 
turning engines and wagons. 

We have already mentioned special 
central lines and also exterior lines 
alongside the platform lines, and waiting 
sidings at the ends of the platforms. 


13. Location and arrangement of empty 
stock sidings. — The arrangement and 
location of the sidings for storing empty 
stock and for various operations in con- 
nection with the same are of special’ 
importance as regards the extent and 
facility of shunting. These sidings have 
a considerable influence on the general 
working of the station. To avoid unne- 
cessary movements, it is necessary that 
these sidings should be accessible from 
both ends. The movement of a set of 
vehicles can thus be effected by simply 
drawing ahead or setting back without 
any complication. 

As a general rule, in through stations 
or loop stations, working under their best 
conditions, the empty stock is drawn to 
the sidings by the train engine itself. It 
is equally rapid and easy to set back by 
means of the train engine. The ideal 


location for the empty stock sidings is 
in the passenger station itself, or in its 
close proximity; it may, however, have 
to be placed some way off owing to lack 
of space. In the former case, it is 
obiously preferable to place these si- 
dings between the main lines. They may 
be suitably placed alongside the arrival 
lines on one side or the other of the main 
lines, according to local conditions. In 
order to shorten and simplify the com- 
munication between the platform lines 
and empty stock sidings, it may be advis- 
able to separate the former into groups, 
allotting to each group its own sidings. 
The empty stock sidings should be of 
sufficient length to avoid the additional 
shunting caused by having to divide the 
sets of vehicles. It is also desirable to 
provide, when possible, all the tracks 
with drains, and to lay on a supply of 
compressed air, water and steam, so as 
to avoid the necessity of any movements. 

It is essential that the empty stock 
sidings should, as far as possible, be 
connected to the platform lines in such 
a way that the empty trains do not foul 
the main lines while being removed. _ It 
is also necessary that each of the sidings 
should have direct access to the platform 
line which it serves. 


14. Additional sidings and lines. — It 
is advisable to provide additional sidings 
close to the neck of the station, with a 
shunting line in free communication with 
the different platform lines or storage 
sidings, or with those used for repairs. 
These sidings will serve for the tem- 
porary storage of vehicles or sets of 
vehicles waiting to be used, for storing 
special vehicles and for making up trains, 
These sidings are specially useful for 
avoiding complicated shunting operations 
at periods when the station is working 
at its full capacity. 

Finally, circulating lines alongside the 
main lines and giving direct communi- 
cation between the engine sheds, sidings 
for storing and cleaning coaches, ac- 


commodation for luggage, postal and 
parcel services, and a certain number of 
platform lines, are of great assistance in 
overcoming congestion in the busy hours 
of the day. 


15. Location of engine sheds. — From 
the point of view of reducing the move- 
ments of light engines, it is advisable to 
place the sheds, and also the accommoda- 
tion for effecting light repairs to rolling 
stock as near as possible to the station, 
in close proximity to the main lines, and 
in direct communication with the plat- 
form lines and empty stock sidings. 

As a rule, a central engine shed serves 
for a number of stations. 

We find that some stations which are 
served by a shed some distance off, are 
provided with special locomotive sidings 
where the engines can obtain coal and 
water and be turned. 


16. Connections between the various 
lines. — It is essential, despite the cost, 
io have a sufficient number of well 
arranged cross-overs, turn-outs, etc., in 
order to reduce the shunting movements, 
and to render them independent of one 
another. 

There is a general tendency to use 
cross-overs at the entrance of the stations, 
these giving communication between any 
pair of lines. 


17. Marshalling of trains. — This point 
has already been touched upon in con- 
nection with the luggage, postal and par- 
cels services. Careful consideration of 
the marshalling of trains may have a 
great effect towards simplifying and 
reducing the amount of shunting. It 
should be attempted as far as possible to 
keep the train sets in their proper order, 
without any alteration, thus, vehicles 
such as brake vans, special stock, service 
vehicles, etc., which may have to be 
attached, should be marshalled in accor- 
dance with the lay-out of the stations, so 
as to need a minimum amount of shunt- 
ing. 


18. Carriage cleaning, heating and vari- 
ous other operations. — It is obviously 
necessary, from the point of view of 
minimising movements, that operations 
such as cleaning, heating previous to 


being used, light repairs, loading up with’ 


supplies, filling with water and _ gas, 
charging electric accumulators,  etc., 
should be carried out in the carriage 
sidings, without moving the coaches. 


19. Electric traction. — Electric trac- 
tion has many advantages as regards 
reducing the movements of locomotives 
and empty stock, because the electric 
locomotives and also the electric cars 
can run equally well in either direction 
without the necessity of turning. Also, 
especially in the case of suburban serv- 
ices, trains of permanent composition 
may be formed which can run, without 
any alteration, in either direction, using 
an electric locomotive or auto-car at 
each end, or better still, on the multiple 
unit system, which consists of a number 
of auto-cars forming a train which can 
-run equally well in either direction, being 
' driven from either end. 

Electric trains can also arrive at one 
platform in a station and be despatched 
again from the same without any shunt- 
ing. They can also be heavier and this 
may also allow the number of trains ‘to 
be reduced. All this tends to diminish 
the. number of movements and also 
obviates the need for accommodation for 
obtaining coal and water and for clean- 
ing the fires.. 


20. Stat-ons on two levels. — The lay- 
out of lines on two levels is rare, but has 
the advantage that in dead end stations 
special devices may be employed below 
ground level so as to avoid the disad- 
vantages of the dead ends, without caus- 
ing inconvenience to passengers. 


21. Various remarks. — It should be 
stated that the use of the train engines 
for at once removing empty trains from 


platform lines is preferable, in order to 
lessen the work of the shunting engines. 

Finally, it is obviously of the greatest 
importance that the various features of 
a terminal station should be so arranged, 
as has already been explained, as regards 
engine sheds, in the order in which they 
are used, so that operations may follow 
in their proper sequence with the mi- 
nimum amount of movement and without 
unnecessary shunting. 


Conclusions. 


1. — Economy in working and an 
increase in the capacity of the stations to 
handle traffic justifies considerable out- 
lay to provide equipment and methods 
of working which will allow the number 
of movements of engines and empty stock 
to be-reduced. 

It is advisable in this respect to pre- 
pare a careful estimate of the working 
expenses for proposed schemes and _ to 
keep statistics of existing facilities. 


2. — Loop stations constitute the best 
method of reducing to a minimum the 
movements necessary for quickly liberat- 
ing the platform lines, turning the trains 
and taking them to the empty stock 
sidings, and for obviating all the incon- 
venient shunting which has as a rule to 
be performed in terminal stations. 


3. — A triangle, placed for preference 
between the station and the empty stock 
sidings, effects a considerable reduction 
in the shunting necessary to turn the 
trains at terminal stations. 


4, — A well planned lay-out at the neck 
of the station is essential to the econo- 
mical working and efficient utilisation 
of the platform lines, especially in dead 
end stations. 


5, — It is very advantageous to sepa- 
rate, as far as possible, the main line 
service from the suburban service. 


6. — The separation of the accommoda- 
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tion used for postal and parcels services 
causes a greater amount of shunting, but 
has advantages from other points of view. 

Loading platforms for independent lug- 
gage, as well as mechanical means for 
accelerating the loading, unloading and 
handling of luggage, post bags and par- 
cels, may effect, among other advantages, 
a diminution in shunting. 


7. — Platform lines used for general 
purposes (i. e., arrivals and departures) 
as a rule, are better than specialised 
platform lines, in that they allow a cer- 
tain reduction in the amount of shunting 
and also can be more efficiently utilised. 


8. — In order to liberate the engines 
of incoming trains from the ends of the 
platform lines in dead end stations, it is 
desirable, especially for suburban traffic, 
to have the platform fines in pairs 
connected with a liberating line placed 
between them, but in the ordinary case 
of trains which have completed their 
run, itis possible to economise space and 
to reduce the amount of shunting, while 
still retaining the dead ends, if the empty 
stock sidings are of sufficient capacity 
and suitably located, so as to be able 
to dispose quickly of the empty trains. 


9. — Sidings at the ends of the plat- 
forms are very useful to allow engines 
to be changed quickly. They may also 
be used for accommodating vehicles 
detached from the trains at the platform, 
or those which are to be attached. 

The general use of traversers and the 
use of connections between adjacent lines 
is of great utility in facilitating the 
attachment or detachment of vehicles 
with the minimum amount of shunting. 


10. — The empty stock.sidings should 
consist of a sufficient number of lines to 
be able to fully cope with the maximum 
amount of traffic, and should be of 
sufficient length to hold the longest trains 
without having to divide these. 

They should be placed, whenever pos- 


sible, within the station, preferably be- 
tween the main lines, and so arranged 
as to be accessible from either end in 
order that empty stock can be simply 
drawn or set back into the sidings 
without affecting the marshalling of the 
trains. When the sidings are separate 
from the station, they should always be 
connected to it by independent lines so 
as to avoid congesting the main lines. 


11. — Auxiliary sidings close to the 
neck of the station, in easy communica- 
tion with the platform lines and empty 
stock sidings, are very useful for making 
up trains and as lie-by accommodation. 


12. —- Circulating lines alongside the 
lines in the neck of the station, and 
affording direct communication between 
the engine shed, the empty stock and 
carriage cleaning sidings, and from the 
luggage, postal and parcels warehouses 
to a certain number of the platforms, are 
of great assistance in preventing conges- 
tion during busy hours of the day. 


13. — It is an advantage to place the 
locomotive sheds as close as possible to 
the passenger station, and to connect 
these by independent lines to the plat- 
form lines and the empty stock sidings. 
When the central engine shed is at some 
distance from the station, special faci- 
lities in the station to accommodate 
engines waiting there, and to coal, water 
and turn the same, are very convenient, 
and reduce the distance run by light 
engines, especially in the case of the 
shunting engines. 


14. — Ample communication between 
the various lines assist in reducing and 
simplifying the shunting. The principal 
cross-overs at the ‘head of the station, 
giving communication between all the 
lines, are particularly useful. 


15. — It is advantageous to arrange the 
marshalling of the trains in such a way 
that as little alteration as possible is 
necessary at stations where the direction 


fs 
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of running is reversed. It is advisable 
in such cases to place one brake van at 
the head and another at the tail of the 
train. 


16. — [t is advisable to use the empty 
stock sidings for cleaning purposes 
without moving the empty stock train 
sets. 


17. — Electric traction offers great 
advantages over steam traction on 
account of the suitability of electric loco- 
motives for running equally well in either 
direction, and especially in the case of 
suburban services, as sets of vehicles can 
be run in either direction without alter- 
ing the marshalling of the various units 


.by using a tractor at either end, or better 


still, by of the unit 


system. 


means multiple 


18. — Stations having lines at two 
levels lend themselves to the use of 
special devices for liberating engines, 
etc., from dead end platform lines. 


19. — The movement of engines may 
be reduced by using the train engines 
for putting away the empty stock without 


employing shunting engines for this 
purpose. 
20. — It is of the greatest importance 


that the various components of a terminal 


station, including the engine sheds, 
should be arranged in the order in 


in which they are utilised, so that the 


various operations follow in proper 
sequence with a minimum amount of 
shunting. 
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REPORT N...7 


(Belgium) 


ON THE QUESTION OF ELECTRIC TRACTION (SUBJECT VIII FOR DISCUSSION AT 
THE NINTH CONGRESS OF THE INTERNATIONAL RAILWAY ASSOCIATION) (*) 
AND BRIEF EXTRACTS FROM THE REPORTS FOR OTHER COUNTRIES, 


By Ernest GERARD, 


ENGINEER, 


HONORARY GENERAL SECRETARY OF THE MINISTRY FOR RAILWAYS, 
MARINE AND POSTS AND TELEGRAPHS OF BELGIUM, 


PRESIDENT OF THE BELGIAN COMMITTEE FOR SAFETY IN DISTRIBUTION OF ELECTRIC CURRENT, _ 


A. — General 


As far as results of experience are con- 
cerned that might be of assistance in 
throwing light on certain technical prob- 
lems connected with the electrification 
of railways, the Belgian State has only to 
its credit the trials of six accumulator 
rail motor vehicles put into service be- 
tween the years 1892 and 1897. 

These were fitted with various types 
of motors placed directly on the axles, 
1. é., Without gearing. The vehicles were 
also fitted with control apparatus and 
also appliances for braking and signal- 
ling. 

Various firms were commissioned to 
construct shunt excited, straight series 
and compound motors, all working with 
continuous current of 600 volts. Fitted 
with accumulators, the weight of which 


was equivalent to a hauled vehicle, the 
rail motor cars ran on different sections 
ef the system with varying gradients (?). 

We will return later on to the techni- 
cal and economical results of this exper- 
iment dealing with the comparison ot 
different types of motors. 

At this stage, however, we will con- 
sider as the important points of electri- 
fication, the transmission between source 
of supply and contact wire; the type. and 
pressure of the current; the method of 
collection on the vehicle; the type and 
construction of motors; and the method 
of transmitting power to driving wheels. 

Admitting in this respect, that Belgium 
has no history, we may be tempted to add, 
according to the well known dictum that 
in this she may be considered fortunate. 
Have we not for instance seen the whole- 
sale abandonment by the French Com- 


(4) This question runs as follows : « Electric traction on lines with much traffic : production and trans- 
mission of energy; type of current; locomotives, motor cars. Technical and financial results obtained. 


Comparison with the results of steam traction ». 


(2) See Bulletin du Congres des chemins de fer, t. 9, 1895-2, p. 2241, and Bulletin of the International 
Railway Congress, t, 19, 1905, p. 999 and following ». 
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mission of all the systems that had been 
set up in that country as described in 
Mr. Sabouret’s report? Have not England 
and Holland also adopted a similar atti- 
tude towards the greater portion of the 
partial electrifications that had been car- 
ried out on their railways? 

Would it not therefore be preferable 
to have been amongst those who have 
held back? To this our answer is, No. 
Those who doubt the wisdom of such a 
reply should not forget that in a complex 
subject such as this where there are in- 
volved the technics alike of the produc- 
tion of electricity and of its utilisation 
for traction purposes, there is no sub- 
stitute for experience gained by actual 
practical investigation, even the difficul- 
ties incurred and overcome being in this 
respect advantageous (*). 

It is the countries that have had actual 
experience, especially in the last decade, 
who will be in.a position to bring reliable 
information to the Congress; to substan- 
tiate theories hitherto academic only, and 
to put forward as successful’ solutions of 
problems that have been encountered, me- 
thods some of which have already been 
definitely adopted on certain railways. 

In order to present a summary of the 
work carried out with a statement of the 
considerations which have influenced 
these decisions, we have been asked to 
present to the Congress a résumé of the 
work of the reporters, and to follow as 
far as possible the order in the text of 
question VIII. 


« Generation and transmission of pow- 
« er; nature of the current, locomotives, 


(4) Have we not in Belgium learnt valuable lessons 
from our trials of the accumulator operated rail 
motor cars, especially with the gearless motors, 
their methods of suspension, the driving of the 
wheels, the control apparatus, the calculation of the 
tractive resistance of the rail motor cars with or 
without a load, ete. (See the article in the 1905 
Bulletin already referred to.) 


« rail motor cars. Technical and finan- 
« cial results obtained. Comparison 
« with results obtained from steam trac- 
« tion. » 


B. — Generation and transmission 
of power. 


Italy. — From the experience of the 
Valtellina, lines which were equipped in 
1901-1904 with 3-phase current, it is evi- 
dent ‘that the lines of Northern Italy 
could be electrified with this type of cur- 
rent obtained from hydro-electric sta- 
tions making use of the energy of water 
falls and alpine torrents, the current 
being used on the railway either at the 
pressure at which it is generated or after 
transformation to a lower pressure with- 
out any further conversion or change of 
periodicity. 

If regard be had ito the history of the 
application of electric traction to rail- 
ways it will be easily seen that the les- 
sons taught by this trial installation are 
on the one hand that the system should 
be extended to other mountain lines and 
on the other hand that it is possible to 
utilise directly on the trains current in 
the form in which it has been primarily 
generated, viz., 3-phase current at low 
frequency. In such cases where they 
have not been specially erected for rail- 
way purposes, the Italian Hydraulic Po- 
wer Stations have been arranged so that 
they produce simultaneously both low 
frequency current at 15 to 17 periods for 
railway purposes, and higher frequency 
current of 42 to 50 periods for general 
power and lighting purposes, thus ena- 
bling the stame station to serve the dif- 
ferent requirements, and, by obtaining 
the maximum economy to further the 
scheme for substituting electricity for 
steam on the Italian State Railways. 


Switzerland. — It is in this» country 


a 


that the connection between the current 


as generated and its utilisation for. rail- 


way electrification is most marked. At- 
tracted by the simplicity of the single 
overhead conductor required by the H. T. 
single-phase system which had been ex- 
perimented with on the Seebach-Wettin- 
gen Line by the Oerlikon Works Com- 
pany since 1903, the Federal Authorities, 
in common with many engineers in ‘all 
countries, ‘saw therein an attractive solu- 
tion of the long standing problem of eco- 
nomical transmission to the working 
conductor of the railway. 

Without doubt the progress made in 
the design of series-compensated single- 
phase motors had some influence, but as 
these motors were only capable of using 
low tension current and as consequently 
a transformer had to be carried on the 
vehicle in any case, the limit to the work- 
ing pressure on the contact wire could 
be indefinitely high excepting in so far 
as it was limited by considerations of 
practicable insulation. To use the cur- 
rent at such pressures on the actual ve- 
hicles and without any conversion was to 
realise an ideal hitherto striven after by 
railway engineers everywhere. 

It was easier to utilise such a method 
of traction in, Switzerland since the wa- 
terfalls available are so numerous that it 
is only necessary to utilise a few of them 
for the railway supplies; thus what 
Mr. Hiiber’s report outlines to us is a 
high capacity system of transmission 
mains fed by combination of hydro-elec- 
trie stations having large reserves of wa- 
ter in natural or artificial lakes and sup- 
plying ‘single-phase current at a pressure 
of 15000 volts, at a periodicity of 
16-2/3°", this current being fed directly 
to the contact. wire and the vehicles; the 
power stations are inter-connected and so 
divide the load suitably between them- 
selves. This is the most unique local 
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position of happy Helvetia, which as a 
result, ceases to be dependent upon the 
foreigner for the supply of fuel at its 
terribly high price. 


Scandinavian couniries. — The posi- 
tion with respect to « white coal », as 
water power is sometimes called, iis simi- 
lar in Sweden and Norway to that of 
Switzerland. These countries’ being of 
much greater area naturally have their 
railway systems more spread out, conse- 
quently the distances over which current 
has to be carried necessitate its being 
transmitted at a pressure too high to be 
used directly in the contact wire. At 
most, however, when the output of cer- 
tain hydro-electric stations is specially 
set apart for the supply of electrified 
railways, the system to be used would be 
a single-phase system, (the use of which 
was decided upon after the trials of 
1910), and it will only be necessary to 
transform the current transmitted at very 
high pressures down to 16000 volts. 


France. — The result of enquiries made 
by various committees appointed by the 
French Government ended in the issue 
of regulations having for their object the 
combining of the sources of power for 
general public consumption and for those 
required by railways for the future elec- 
trification of 8000 km. (5000 miles) of 
lines during a period of twenty years, the 
primary current being uniformly three- 
phase of 50 periods. It will therefore 
be converted to the use of electric trac- 
tion under whatever form the latter may 
require it. 


England. — An act. entitled « Elee- 
tricity Supply Act » which especially 
aims at economy in the generation of cur- 
rent places electrification under very wise 
regulations. Mr. van Loenen Martinet 
clearly explains the economical value of 


— 766 — 


this act. The following are the essential 
points as regards the electrification of 
railways. The country is sub-divided into 
thirteen electric districts under the su- 
pervision of the Board of Trade Commis- 
sioners. In its application the Act al- 
lows of certain temporary compromises 
whitch take into account the relative si- 
tuation of this industry in the district. 
As regards big enterprises such as the 
electrification of railways, the companies 
cannot obtain a license to supply electric 
power themselves unless they can prove 
that they are able to produce the current 
at a lower rate than they can buy it from 
a power supply in the district for which 
it is required. 

The commissioners show a leaning to- 
wards standardisation of the main supply 
as under the form of three-phase current 
of 50 periods. 


Holland. — A commission having esti- 
mated the general yearly requirements of 
the country at 1000 million kw.-h., and 
in addition 400 million kw.-h. for the 
railways, has considered ‘it advisable to 
combine the sources of power for this 
double object. Although the principal 
electrified railway, viz., that of the Rot- 
terdam to The Hague-Scheveningen is 
equipped with single-phase current, the 
official Commission has ignored this and 
has decided against the principle of 
taking alternating current for reasons 
which will be given in the paragraph re- 
lating to the nature of the chosen cur- 
rent. The generation of power will be 
centralised in large stations, from which 
the output common to all the require- 
ments of the country will be regulated 
by means of distribution of the load to 
the sub-stations. The type of primary 
current will be three-phase at 50 periods, 
already adopted for numerous undertak- 
ings. 


Belgium. — Up to the present time 
there has been no law in Belgium to 
regulate the generation or distribution 
of electric power from the commercial 
point of view. 

Only the question of public safety has 
led the Government to make regulations 
based on authority given through the 
Commission, which for a long time has 
dealt with roads, railways, telegraphs and 
telephones. 

The communes, who are very jealous 
of their autonomy, have always endea- 
voured to prevent any legislative action. 
Fortunately the great companies for the 
production of electricity have had the 
foresight to anticipate the industrial fu- 
ture of the country as well as the busi- 
ness of the railways : the current gene- 
rated is generally three-phase at 50 pe- 
riods. 

Owing to the Commission, however, 
having decided not to allow the use of 
alternating currents in the contact wire 
the three-phase current must be convert- 
ed for electrification purposes. 


America. — In Mr. Gibbs” report no 
mention is made of any intention on the 
part of the American authorities to issue 
any rules for the generation of electrical 
power which would affect the technical 
considerations of electrification. It is 
quite evident that such rules could hardly 
be put forward by the central authority 
when the very different natural charac- 
teristics of the various regions of the 
Republic are taken into consideration. 
Also in each of the States of the Union 
private industry has shown so much ini- 
tiative in this respect that most railway 
companies who have partly or wholly 
electrified their systems prefer to pur- 
chase current than produce it, even when 
they make use of enormous quantities. 
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C. — Type of current. Locomotives. 
Motor vehicles. Technical results. 


General. — The nature of the current 
that is to be collected along the road, the 
motors and the apparatus for regulating 
the running, are all inter-related; also the 
speed and weight of the trains are related 
to the tractive effort available for the 
gradients of the line. 

Consideration of these elements alone 
does not, however, decide the type of cur- 
rent to be carried by the contact line. 
The power current running through the 
latter, the motors, the return conductor 
(rails or earth), may induce currents in 
telegraph and telephone circuits, or cause 
destructive electrolytic action on under- 
ground metallic piping. 

We shall see that the fear of these 
disturbing influences occasionally over- 
weighs the decisions relative to the kind 
of current that it may be desirable to 
adopt. 

Those who are experienced in these 
matters will appreciate that the systems 
which have been tried on metropolitan 
intersuburban lines or suburban sections 
of ithe large railways, which employ con- 
tinuous current at 600 to 750 volts, will 
be confined to these purposes on account 
of the great expense entailed in the trans- 
mission of power at these low pressures. 

According to the reports submitted for 
the Congress at Rome, it seems to be-also 
admitted that the actual state of practical 
experience with high pressures, limits 
the choice for the present to three types 
of current for the practical use of rail- 
way engineers : 

Three-phase with a pressure of at least 
3.000 volts; 

Single-phase with pressure from 10 000 
to 16 000 volts; 


Continuous current at 1500, 2400 or 
3.000 volts. 


The installations of each of the first 
‘two systems vary according to the coun- 
try in which they have been adopted or 
applied on a large scale. 

The respective features may be sum- 
marised ais follows : 


Three-phase. — From the low pressure 
of 500 and 750 volts 40 periods tried in 
Switzerland on the Lugano Tramway in 
1895, then on the railway from Burgdorf 
to Thun, the Italian Engineers went up 
at once to 3000 volts on the Valtellina 
lines (106 km. = 66 miles) the equip- 
ment for which was commenced in 1901, 
making use of the primary current from 
the special central hydro-electric station 
at Morbegno, directly generated with 415 


. periods at 4000 volts falling to 3000 by 


losses in ‘the cables to the contact wires. 


To the administration of the Italian 
State Railways therefore belongs the cre- 
dit that in 1901 they made the first use 
of a relatively high pressure in the elec- 
trification of railways. 

This pressure moreover has only been 
exceeded in three-phase working in two 
small installations, viz., the 10000 volt 
trials of motor vehicles for extra high 
speed on the 23 km. (14 1/2 miles) line 
from Marienfeld to Zossen; and the use 
of 6000 volts on the 10 km. (6 1/4 miles) 
line in the United States, part of which 
is in a tunnel. 

The success of this pioneer work and 
the experience gained induced the Italian 
Government to adopt three-phase 3 000 
volts, 16-2/3"* periods, for lines of heavy 
gradients, crossing, by means of tunnels, 
mountain chains in districts where cur- 
rent generated from water power was 
available. Abolishing thus the inconven- 
ience of steam in tunnels it was also 
found that the three-phase system ensur- 
ed speed being automatically maintained 
throughout the journey, and enabled 
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braking to ,be accomplished by regenera- 
tion of power which in its turn resulted 
in reducing rail, tyre, and brake-block, 
wear. 

Amongst the 675 km. (449 miles) of 
railway, or 1300 km. (807 miles) of track 
electrified in Italy in 19214, it is the 290 
km.(184 miles) equipped with three-phase 
at 3000 volts 16-2/3"* periods which call 
for special attention. 

The contact wires are composed of two 
overhead conductors, a third being form- 
ed by the rails suitably bonded together. 
Instead of being supported longitudinally 
by. a catenary cable, the overhead wires 
are carried transversely by means of 
brackets on the posts which are fixed 
35 m. (145 feet) from each other; a me- 
tallic connecting piece is hung from the 
bracket carrying through its insulators 
a sheathed insulating wire on which are 
the two insulators to which the contact 
wires are respectively attached. Their 
insulation is tested to 30000 volts and 
the current is picked up by means of a 
double bow : : 

« This double wire, as the reporter in- 
« forms us, gives a complicated appear- 
« ance, but it will be seen, however, that 
« the complication is more apparent than 
« Teal. » 


Then further on : 

« The longitudinal type of suspension 
« (by means of a catenary wire which 
« had been tried on the Valtellina) has 
« not been adopted generally for econo- 
« mic reasons and because it is unneces- 
« sarily complicated. » 

« The type of transverse suspension 
« costs less and is much simpler to erect 
« and inspect, thus permitting the fitting 
« up of the line to be carried out more 
« quickly and subsequent repairs more 
« rapidly and easily, whilst upkeep is 
« less costly. » 


The report confirms these claims with 
rather convincing figures, especially 
those relating to the suspension of the 
double wires for ten lines of rail from a 
double bracket on a single pole. 

Finally as regard bonding the rails, the 
reporter considers that the application of 
an anti-rusting paste applied between the 
rails and the fishplates, which have been 
previously thoroughly cleaned with a 
sand blast and metallic brush, is both 
simple and efficacious. 


Electric locomotives. — Independently 


of locomotive trials on the Valtellina rail- 


ways, tests were also made with the self 
propelled Gearless vehicles fitted with a 
rotor fixed on a quill; the drive to the 
wheels was effected by means of an in- 
genious arrangement of rods and cranks 
jointed to the spokes of the wheels. 
Their adoption, however, has not been 
extended to other lines that have since 
been equipped with three-phase current. 

The locomotives of 2 000 and 2 600 H. P. 
are all worked through the medium of 
coupling rods. 

The drawbar pull does not exceed 10 
tons nor the weight per ‘axle 15 tons, 
limits fixed by the Italian State regula- 
tions. 

The reporter supposes that we are fa- 
miliar with the different arrangements 
of transmitting mechanical power to the 
driving wheels by means of coupling 
rods, etc. A well known form of drive 
is that of coupling two motors supported 
on the framework of the vehicles by 
means of a triangular rod or yoke-piece 
(known in Great Britain as a Scotch-yoke). 
At the lower apex of this triangle there 
is cut a slot in which works the crank 
pin of the central driving wheel; the 
other driving wheels are in their turn 
driven through the medium of rods from 
two eyelets one on each side of the slot. 
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On other engines the cranks, keyed on to 
the shaft of the motor, work by means 
of obliquely fixed coupling rods the 
eranks of a jack-shaft from which power 


is transmitted by. means of coupling 
rods (+). 

The weight of the most numerous 
classes of locomotives is as follows : 


TYPE, | 


f. 505 with 5 driving wheels... .. . 
E. 330 with 3 driving wheels . 


2 000 
2 600 


Speed in km. . Weight 
per hour ote dpe per. Ps, 
at lhr. rating. 3 in ker. 
22.5 — 45 60 30 
37.5 — 50 — 75 73 28 


The figures relating to the consump- 
tion of electric energy given by Mr. A. 
Donati are relatively small, and we will 
reproduce them. They refer to a section, 
Pontedecimo-Busalla, part of which has 
an incline of 1 in 28.6 run over at a 
speed of 45 km. (28 miles) per hour 
with probably a full load, the power 
measured at the bows collecting the cur- 
rent being as follows : 

Per virtual ton-kilometre (*) up the 
incline, 19 w.-h.; 
Per virtual 

down, 9 w.-h. 


ton-kilometre up and 


It will be seen that by regeneration it 
is possible to economise current very ma- 
terially. 

The mean yearly consumption for the 
supply of this section taken at the central 
station situated 15 km. (9 miles) away 
was 24 w.-h. per virtual ton-kilometre. 

With these figures, which relate to 
haulage by three-phase current, Mr. Do- 
nati compares the actual consumption of 
the motor vehicles running on the Milan- 


Varese line, this being 46 w.-h. per vir- 


tual ton-kilometre measured at the cen- 
tral station 20 km. (412.4 miles) away. 
Mr. Donati considers that the weight of 
the three-phase locomotives is less than 
that of locomotives using continuous cur- 


(4) This term implies the moving of one ton for 
one kilometre on a line which is perfectly level and 
straight. 


rent, basing his remarks on an investi- 
gation made with a view to the equipment 
of the Benevento-Foggia section with con- 
tinuous high tension current when it was 
found that it would be necessary to 
strengthen the bridges, etc., on the line. 
We shall see later on what this amounts 
to in making a general comparison be- 
tween electric locomotives. 

The power lost in the rheostats through 
the starting of three-phase locomotives 
varies from 1 to 1.7 % of the total. 

Transmission of power by means of 
coupling rods, especially through the in- 
termediary of the Scotch yoke is in every 
way satisfactory. As regards lubrication, 
upkeep and repairs, the comparison is 
very similar to that of steam locomotives. 

Substations are relatively numerous, 
being only 16 km. (10 miles) apart on 
certain sections. The power required, 
however, on steep gradients by heavy 
trains must be taken into consideration. 
Without doubt, as Mr. Donati says, in- 
creasing the pressure would allow the 
substations to be fixed further apart, and 
it would be possible to raise it to 5200 
or 5 400 volts without having to alter the 
insulation of the apparatus on the lines. 


(4) As regards these locomotives, complete details 
are given concerning the mechanical and electrical 
apparatus in the recent-work by Professor Tajani ; 
Tratto moverno di Materiale’ Mobile ed Esercio 
delle Ferrovie, P. Tajani, Prof. Politecnico de 
Milano, 19214. : 


ei eee 


A higher pressure in the contact line, 
such as one in the neighbourhood of 
10 000 volts for instance, would have to 
be reduced on the locomotive and would 
do away with the simplicity of the three- 
phase arrangement. It would also cause 
a certain amount of inconvenience in tun- 
nels, as was experienced, it is said, in the 
Loetschberg, by the ionisation of the air 
which thus loses its insulating properties. 

The reporter concludes that in Italy 
the three-phase system fulfils all the tech- 
nical and economical requirements that 
were expected from it in working the 
mountain lines to which it is applied, 
and that there is no adequate reason for 
adopting any other in this part of the 
country. The authorities, however, will 
examine without bias the advantages that 
may be offered by other systems for less 
hilly regions of the peninsula. 


Single-phase. — The official adoption 
by the Swiss authorities of single-phase 
current of 15.000 volts 16-2/3" periods, 
as much on account of the economy real- 
ised in the delivery of the current into 
the contact wire as for the simplicity of 
the overhead apparatus, its supports and 
that of the collecting apparatus, and also 


Maximum gradient in mm. perm. ...... 
W.-h. per tkm. at the pantograph collecting bow. 
W.-h. per tkm. at the Central Station. ..... 


SECTION OF LINE. ! Bernese Alps. 


the fact that 510 km. (320 miles) of lines 
are already in satisfactory operation, na- 
turally influences the reporter for Swit- 
zerland to advocate this system. 

As we have already seen in the pare- 
graph above dealing with the production 
of electric energy in this country, this is 
delivered direct in the form of singla- 
phase current at 16-2/3" periods, the 
original pressure being simply regulated 
so that the potential at the feeding point 
on the working line drops to 15 000 volts. 
Along the line runs a cable, generally of 
aluminium, suspended by insulators on 
the same posts as the catenary cable, and 
acting as a feeder to the contact wire to 
which it 1s connected at various points. 
The simple catenary suspension carried 
by insulators on brackets and posts fixed 
at 60 m. (197 feet) apart on the straight 
and 30 m. (98 1/2 feet) on curves is 
preferred. 

Neglecting the Rhaetian Railways with 
narrow gauge and very varied gradients, 
we will deal with certain characteristics 
of other railways worked with single- 
phase current. 

The units of electrical energy consum- 
ed are given by the reporter in gross 
kilometric tons. 


Berne 
to Scherzligen. 


Erstfeld-Biasca. 


27 40 27 
Mean : 54 Summer : 35 


It is unfortunate that the consumption 
is not given in virtual kilometric tons. 
In addition, the reporter remarks that 
these figures were taken at a period when 
regeneration had not yet been made use 
of. This improvement recently tried 
with success in. Switzerland on locomo- 
tives fitted with single-phase motors, 
saves the latter from one of the objec- 


tions brought against them when com- 
pared with those of other systems. 

As regards the injurious effects of 
single-phase circuits on those of tele- 
phones and telegraphs, we must agree 
with the reporter that in mountainous 
countries, and especially in tunnels any 
expense arising from the means taken to 
obviate this inconvenience is naturally of 


relatively small importance because there 
is always danger in respect to any over- 
head transmission lines of telegraph and 
telephone wires falling across the high 
pressure conductors, while again such 
lines have no claim for the space at the 
side of the railway to be, nor in the 
circumstances can such space be reserved 
for them, so that their removal from the 
vicinity of the single-phase disturbance 
is necessary in any case. With regard to 
the more or less complicated methods 
that have been tried in Switzerland with 
a view to preventing induction, the re- 
porter expresses the view that the best 
remedy iis that of cabling the telegraph 
and telephone wires, the cable being lead 
covered and armoured with the armour 
and lead covering electrically connected 
together, and earthed. 

Moreover, from the point of view of the 
nature of the current, feeding the con- 
tact wire direct at the original pressure 
from the hydro-electric central stations 
was possible in Switzerland, and under 
conditions which justified the case of a 
high tension alternating current. As the 
single-phase system has in addition to 
economy in transmission the advantage 
of a single contact wire, these points 
have overweighed the consideration of 
the weight of the motors, and a slight 
excess in consumption of current. As 
far as we are concerned, the principal 
question is to know if the technical work- 
ing of the system is quite satisfactory, 
and this is answered in the affirmative. 


High tension continuous current. — 
According to the reports of Messrs. Sa- 
bouret and van Loenen Martinet, France, 
Great Britain, and Holland have definit- 
ely adopted continuous current at 1500 
volts for the future electrification of rail- 
ways in general use (*). 


(4) Pressures of 4200 to 1500 volts in contact 


Though certain technical results ob- 
tained in England on the Manchester- 
Bury line, fitted with a third rail at 
1 200 volts, and the Shildon-Newport line, 
also worked with continuous current at 
1500 volts and overhead conductor, had 
influenced the opinion of railway engin- 
eers in this respect, it appears to have 
been more especially confirmed by the 
brilliant results realised in the United 
States, especially on the Rocky Mountains 
lines where pressure as high as 3000 
volts is used. 

The reasons for arriving at this deci- 
sion were chiefly the following : 


A. — In England, as in France and 
Holland, the telegraphic and telephonic 
communications are carried out by means 
of important overhead groups of wires 
running along the sides of the railways. 
Any powerful alternating current would 
in these circumstances create an induc- 
tion in the wires against which there is 
no remedy, unless they were removed to 
other positions or placed in cables. 

The resulting expense would saddle the 
first costs of electrification with prohi- 
bitive charges; it would be necessary to 
maintain during the alterations the pre- 
existing means of telegraphing and tele- 
phoning, so that any change would be 
almost entirely an additional expense. 


B. — The continuous current motor 
can be constructed for 750, 1200, and 
1500 volts without losing any of its in- 
herent advantages, such as_ relatively 
moderate weight, wide range of speed, 
and regeneration on falling gradients, 
giving a retarding action without the use 
of other brakes. 


lines have long been in use on local public railways, 
especially since the motor with auxiliary commuta- 
tion poles has made it possible to raise the power 
and the pressure which were formerly limited. 
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C.-—- Multitraction (*) may gain in 
security by the fact that the trolley wire, 
although having a very strong continuous 
current, may transmit at the same time a 
weak alternating current for the inter- 
control of the motors. 


D. — The limitation to 1500. volts ra- 
ther than to 2400 or 3000 is based on 
the actual situation of the railways in 
those three European countries where 
they form compact systems, and will 
never have to be fed from any great dist- 
ance from the sources of supply of elec- 
tric enengy, it is therefore preferable to 
fix on a rate of pressure which makes it 
easier to insulate the overhead gear and 
that of the control and of the motors. 


E. — Finally it is considered that the 
1500 volts current may be delivered with- 
out taking excessive precautions, as easily 
to a third rail as to an overhead wire. 
The third rail system at 1200 volts is 
already working successfully on the Man- 
chester-Bury section, and according to 
competent engineers on the Lancashire & 
Yorkshire Railway, the pressure could be 
raised with very little alteration to exist- 
ing arrangements. 


We may point out in passing that all 
these considerations are perfectly appli- 
cable to the railway system of the Belgian 
State on account of the groups of tele- 
graph and telephone wires and their posi- 
tion on the railways, also from the point 
of view of feeding the latter with elec- 
tricity, and the relatively little distance 
between the existing or projected central 
stations. 


The reporter for the United States, 


(4) « Multitraction ». — This expression is used 
throughout this paper when referring to the working 
of trains by means of two or more locomotives, 
i. €., one in front and the other at the rear, or with 
an additional locomotive in the middle of the train, 


Mr. George Gibbs, does not share the 
optimism of his European colleagues in 
favour of high tension continuous cur- 
rent; he says : 

« It is not yet apparent that the high 
« voltage direct current system, which is 
« similar in many of its features to the 
« system of continuous current at low 
« pressure transmitted along the rail- 
« roads by the third rail, possesses the 
« elements of flexibility and adaptability 
« required for all kinds of railway serv- 
« ice to the degree that these are present 
« in the high tension alternating current 
« system. » 


Later on we will return to the inves- 
tigations by Mr. Gibbs, but will mention 
here is objection to one of the argu- 
ments given above in favour of high ten- 
sion continuous current; this relates to 
its value of allowing of the choice be- 
tween the overhead wire and the third 
rail with currents up to 1500 volts. In 
his opinion even if the classical 600 volts 
with third rail has sufficed for suburban 
lines, and for termini congested with 
the movements of steam locomotives, a 
system at 1500 volts would be econom- 
ically inefficient for the electrification of 
the long lines in the United States. It 
would, he holds, be necessary to increase 
the pressure to 2 400 or 3 000 volts, which 
would prevent the possibility of using 
the third rail as it. would be impossible 
to use it with this voltage on sections on 
which there are many level crossings. 


GENERAL COMPARISON OF MOTORS. — 
Amongst the points which must be con- 
sidered in connection with the systems 
dealt with are the technical features of 
the locomotives and motor vehicles. 


Electric locomotives. — For the .con- 
venience of the reader we have gathered 
together, with some little difficulty, the 


somewhat meagre details capable of com- 
parison with regard to this subject from 
a mass of information which was some- 
what lacking in some reports and quite 
copious in others. It is with some truth 


Three-phase locomotives. 


Italian types : 3000 to 
Type aan 
Total weight. -— P. : 
Adhesive weight. — A . 


Number of motors. 
Power of the locomotive at 1 Hous vate 
Tractive effort at 4 hour rating). 


Normal speeds . 


that most of the reporters point out that 
there is no standard method of setting 
out details of results so that a proper 
comparison may be made of the various 
systems. 


— Particulars. 


@) 


Fnglish practice is concerned. (English Editor. 


) This is a correct translation, but does not'convey anything to us from 


3300 volts, 16.7 periods. 
ee EB. 550 E. 330 
ker 60 100 73 000 
ker 60 100 48 000 
1805 124 2 000 2 600 
ify EL. {2 000 (4) | 9.000 for volts from 37 to 50 
sine 9500 — — _  50to 75 
ime 6000. — — ‘to 100 
Vv 22.5 lo 25 
: 45 to 50 
an electrical standpoint as far as 


Single-phase locomotives. — Particulars. 


Locomotives of the 
Létschberg line. 


Transmission 
by gearing and 
coupling rods. 


Locomotives 
of the Swiss Federal Railways. 


Transmission by gearing and coupling rods. 


Erstfeid-Biasca. 


Berne-Schersligen. 


Cotummnumbers. .§ 16. «. + 1 2 3 4 5 6 7 8 9 
Type ss. pata C-C | 4-F-4 |4-HE-4] 4-C-1 |4-B B-4/4-B B-1/4-C C-4|1-BB-4)1-C C4 
Numberinservice . .... 4 13 3 4 1 4 1 26 33 
Number of driving axles . 6 5 4 3 4 4 6 4 6 
Total weight in tons. aie 90 | 4107 70 | 90.9 | 143.5] 107.1] 126.8] 106.5] 128 
Adhesive weight . A. 90 87 50 | 58.5 | 80.4] 75.6] 105.0} 76.8} 108.6 
Weight of electrical ae 2 = ie 
nD ent . é 40 59 35 | 44.4 58.3] 49.8| 56.2] 47.2 55 
Diameter of aying heals ; 1.350 |4.350 | 1.23 [0.930 | 0.930 | 0.930} 0.850 | 0,930 | 0.930 
Number of motors 2 2 2 ee 4 4 4 4 4 
5 , 550 480 510 400 
Voltage on the locomotives . 420 520 400 aa ea 627 630 630 500 
Horse power at 4 hour rating. 2000 | 2500 | 1000 741650 | 2300} 2000| 2050} 1800] 2250 
Speed in kilometres per 
Rade rating. 44 42 50 35 47 54 49 39 46 36 
Tractive power in kilograms 
at 1 haae rating F Z 9 600 }44 500 }10 800 |14 250 |10 500 |17 000 
Weight per horse power % # 
hans 1 hour rating . 45 43 70 55 | 49.4] 53.6] 641.9 59 57 


Class 
of 
service, | 


een 8 |. 
and 600 | 62" | 


Pass- AC-DG — 44 000. 
enger. | 2-6-2-+ 2-6-2 | and 600 


AC 11000 | 8 | Geared 
soe 63") quill. | 


Power of locomotive. — Speed in _ Motors. — 


Tractive effort in pounds. ne miles per hour. 
One hour | Continuous j 1 hour Type. 
rating. rating. Atone |Maximum|Number.| rating | of |} 
Gn f hour safe | -| forced ven-] current. || 
oe cae Continuous, Hae. Vl 18h, nae i: a Pes a current. ; 
rating, rating | rating. | Speedy I> ng ys) tensa? 


Forced ventilation, 


9700 6 400 4 420 


18 200 12 400 1700 


24 000 14 500 


23200 | 414800. 


== 175 = 


Continuous current : high tension. 


Chicago Milwaukee & St. Paul Railroad. — Continuous high tension current : 
3 000 volts; except C3, 1 5!'0 volts. 


Weight in pounds. 


Driving motor 

Date put Service wheels. Method Driving wheels. 
in service and a a 

and number. type. Num- | Diam- | of drive. Total Total Per equipment. 


eter in 
ber. iT A axle. F, 


Electric. 


1916-17 | Freight. rwin | 576000 | 450000 | 56250 | 248.000 
42 4-4-4 + 4-4-4 


1916-47 op ANE - 143 200 
4 0: 


100 000 


Direct. | 521200 | 457800 234 650 


Passenger. Quill 367550 | 61260 | 270000 
4-6-2 + 2-6-4 geared. 


S. W. = Shunting engine. 


Power of locomotive. Motors. 


Speed in miles per hr. 


Tractive effort in pounds. 


i One hour 
i ; Maximum , 
@ = Natural ventilation. One ase | CORMEEOUS One hour ; emir rating. 
h = Fully excited. rating. rating. ; sete. u : eee 
? rating. speed Forced 
1 hour rating Continuous. ..P ints Bo “ yeutilation! 
Er. H. F.C. 
| Rp SS DS I II I ES 
C1] a. h. 84500 h. 70700 3 440 3 000 15.25 35 8 430 
C-2 a. h. 241400 h. 14 000 660 480 44.45 35 4 165 
C-3 12 700 322 9.5 4 80 


C-4} a. h. 48500 h. 42000 3 500 3 200 Zak 90 12 290 


C-5 h. 66.000 h. 49000 4 200 3 400 23.8 65 6 700 


This - is tha case aon Sees: Hee Wo 
bogies, one at the front and one at the 
back, add about 50 t. to the gross weight — 
of the engine and so sensibly increase its 
weight per H. P., although the increase 


rating. 


$7 te 


ae Results of comparative figures. = G2 


a “sniiamne 
e = a 
ie ivpis. | Re pies ole ie -| Supe 
a oF T cope. H.P.H. | HP.H. |.H.P.H. 
a, class. Ratio. Ratio. | Ker. Ker he Ker: =. 


Three-phase Italian LOE NEES 3 000 to 3 600. volts, 16. 7 periods, 
oa be 


#-500 ~ #5 30 “30 


oa 


a ~ at 


a 


se Uelb 


hap pe 


E-330 ne ve 28 AD a | 


[DA - Rexoral cates 


oo a 


i 2, No 
Single-phase locomotives. 


Switzerland. — Litschberg, 15 000 volts. — 


LE | oe | 068 | 48 | 34 L 23.6 ba es ie 


"Brstfeld-Binsea (St. Gothard route). Pak 


; 1-BB1 | 0.44 | 0.61 | 59 | 43 | 26. 2 410.44] 7.3 | 
|} 4-CC4 | 0.48 | 0.50 |. 57 46 58 25 | 1 Bh iioaaeas 


Types’ E =z Saar dle was 
or il A ps Ea a 3 6 2 GE 
class. Ratio. Ratio. Kgr. Kgr. 


Ad O.5h 4) 0.66 70 54 
AT 0.45 | 0.60 58 43 
A9 | 0.50 | 06 62 44 
[= | 68. ja 
CA D430 |. 0,55. 15 
C-4 0.45 | 0.54 68 
0 14 56 


On examining these results, it will be 
seen how easy it is to form an erroneous 
idea if a comparison is made of the pow- 
er based on the relation between the 
total weight and the horse power. 

Thus, the Chicago-Milwaukee locomo- 
tive type C-1 shows up very badly with 


WP. 75 ker., is rather better with 
E. 
HP HH: 
gards the distribution of weight to the 
enormous tractive effort it exerts, and 
especially as a function of ne weight 
ra 2.94 
where it is ahead of all those mentioned. 
As regards the adhesive weight in rela- 


= 32 ker., and very good as re- 


of its electric equipment 


; f Ace tae 
tion to this tractive effort FH’ it is 


only equalled by the Italian three-phase 
locomotives, amongst which that of 


England. — Schildon-Newport, North Eastern Railway, 1500 volts. 


United States. — Chicago-Milwaukee & St. Paul Railroad, 3 000 volts. 


E x A E Rated speed, 
H.Py He F.H. F.H. F.H. in kilometres 
Kegr. Ratio. Rati». | Ratio. per hour. 


United States. — New York, New Haven & Hartford Railroad, 11 000 volts. : 


36 22.7 17.4 14.6 87 
26 12.6 94 5.4 58 
31 16.6 44.4 8.4 73 


High tension continuous current locomotives. 


| a | ar | iw | 40 


5.3 2.94 24 
9.4 4.4 43 
8 5.6 4.4 38 


type E. 500 runs at the same speed as 
the American one. 

Whatever light these figures throw on 
the comparative merits of the locomotives, 
it is a pity that it cannot be completed 
by adding the hourly consumption of 
current measured at the contact wire. 
The few figures in the reports bearing 
on this point cannot be compared, be- 
cause they are not brought to the same 
unit of comparison, viz., that of the vir- 
tual ton-kilometre, a method only- em- 
ployed by Mr. Donati for the Italian loco- 
motives. 

Let us hope that this common unit 
may be adopted for all comparative in- 
vestigations of this kind. 


Motor vehicles. — From the reports 
sent in, we give the comparative details 
relating to motor vehicles working on 
the different systems. 


Adhe- | trie | Num- | Diame-f| Num- 
i ment. ber. ter. : ber. ik 


Class and date, 


; ‘Driving . —= / 
7 = 
WwW | Weight imtons. | in. tons, i oe ee avheels, ‘| Fae 
‘Type. rik TE, Weg laen | Ba ai 
To 


Weight in pounds, . 


& Hartford Railroad. 


ee i eee yt 
G-4.41914) 1 | 36” | 156.500 | 4156 500 
67 


1] G-2. 4944] 4 36" | 139700 | 139700 | 56 600 


> 


G7. 1916] 2 | 42” | 470.000 | 170000 | 54160] 4 | = 


Ne ew PSS) Westchester & Boston (1). 


4944 ' | 85 iF 
HA. i 40 | 42 | ooo | 74.750 | 55 00 2 | oe. 


(1) On these lines trains are generally made up of all motor cars and no trailers. 


¢ 
i) ‘3 2 
‘= |Diameter 

Class a Ch | om speed. 

anal 2 | driving On the | Electrical g . 

en = | wheels Total. driving equip- 3S | Gear | 2 

date rd bees phe og Atl ta. Praaiive! ep ae 
S | inches. i eieatics effort Ra tea | 
z 7 | ee eee pre co ie 2 | 

f . E. i. < oT, 


United States. — Single phase. 11 000 volts. New York, New Haven — 


44 000 | 4) 67 8 800 i) 23 


a6.1915] 2 | 42” | 469000 | 169000} 60000] 4] = | ... 
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Motor vehicles with single-phase current.— Particulars. (Continued.) 


; Weight in pounds. Motors, all with gearing. 
oO ee a 
= — 
Class ‘> | Diameter : Power at rated s 
3 of speed. S 
nd Z driving Onthe | Electrical] ,; a 
i | wheels | Total. Shey Bale 2 Gear : 
~ els. ment, 4 A a 
— S | inches. 3 | ratio. Prackty, Colatededtisbs 3 
A T. A. E. a CHOU ear per $ 
F F.H peee. | motor n 


Pennsylvania Railroad-Philadelphia (4). 


E245 4 9 |. 38" 116 600 70 600 58 000 | 2 a 3800 | 44.5 | 225 72 
I-3, 1945 (ist boa A 121 600 70 600 63000 | 2 ba 3 800 Bas 229 

24 
I-4. 1947} 20) 38” 118 600 70 600 60000 | 2 EE 3800 | 44.5 | 225 72 


1-5. 1947 Bo|, -a8" 113 600 68 100 55 000 | 2 ro 3800 | 44.5 | 225 


W eight in pounds. Motors, all with gearing. 
Power at rated 


Diameter’ 
of speed. 


_ of On the Electrical 
pene Total. driving equip- 
ve wheels. ment, 


inches, T. iN EB. 


Gear 


P Tractive A. P. 
ratio, effort. Peed 


peed, 


No. in service. 


Number. 
Seating capacity. 


F, H. 


> . 24 
[4.1915] 82] 38” | 118600] 70600} 60000] 2 | ze | 3800 | 44.5 12 


United-States. — Southern Pacific Railroad O. A. & B. Division : 
Continuous current, 1 200 volts. 


B..91 84 30" 109400 | 409 400 20.00 4 64 14 680 18 | 140 | 116 

Southern Pacific Railroad Portland Division : Continuous current, 1 500 volts. 
20 

H-2. 1944] 38 36" | 10000 | | 4 54 25 60 


Canadian National Railways (Montreal) : Continuous current, 2 400 volts. 


F-4, 1924 raj 3 120000 | 120000 


26 


39 000 | 4 


2600 | 23 | 10 | 68 


(1) On these lines trains are generally made up of all motor cars and no trailers. 


V-VI—4 


= . Motor vehi es 3 of tl 


Switzerland. 
iy is 0.37 | 0.66 i be ar 


eee 


0 0. 40 es | 150 ine 


lAverage] 0.54 | 0.86 J 116 | 80 | 60 | SL | 18.5 | 16 iB cas 


United States. — New York, Ne ew Haven & “Hartford Railroa 


Gl 0.22 | 0:22 y 418 | 148° Eremerpae z 
G-2 0.40 | 0.40 AOS 2) 448 |a48ee el SACs 
G-6 026.4): 0:36 (eee ee esa | enn | es 
6-74) 0.30 0.30 ' 


| 0.46 0.76 ie 193 a “145 | a 


entrant Railroad Philadelphia, 11 000 volts. fe Cries ; : | i 


gist tension continuous current. : 


ie f° 4 eae fie ioe 
i} Ia s 


America. — Southern Pacific Railroad O. A. & 


or i 


EA | 0.22 | 0.22 | 88 { 88 | 2 | 


rn 


= TS 


The characteristics, which aecording to 
these results are best for comparing the 
different types of motor vehicles, seem 
to be the ratios of the weight of electric 
equipment to the adhesive weight, to the 
horse power, and to the tractive effort : 


E E 


2 iach 
ee Gi 


Poh; 


Thus, as might be expected, the high 
tension continuous current is found in 
general, as far as motor vehicles are con- 
cerned, to have better coefficients than 
single-phase current. 


As regards the figures relating to con- 
sumption per tkm., few of which have 
been supplied, one may be pointed out 
which merits attention. It is contain- 
ed in the report of Mr. van Loenen Mar- 
tinet, relating to the motor vehicles of the 
Rotterdam-La Hague-Scheveningen line, 
and gives 36 w.-h. per tkm. at the contact 
wire, fed direct without substations. 


Now this relates to a flat line with 
curves of large radius, so that this 
figure gives close approximation to 
the consumption per virtual tkm. If 
we consider that it deals with motor 
vehicles, the motors of which drive the 
axles through the medium of gearing, it 
is permissible to compare with it the 
consumption arrived at by the Belgian 
State trials with motor vehicles fitted 
with Gearless motors mentioned at the 
beginning of this report. 

One of the types with seating capacity 
for 64, weighed, empty, 50 t., and with 
passengers, 52400 kgr. The line it ran 
upon, Antwerp-Lierre, is nearly flat, so 
that we may consider that the consump- 
tion given below as relating to the virtual 
ton. 


COMPOSITION ; ~Consumption, 
OF THE Welgnt in aly hours, 
TRAIN. eu lara ee 


Sa 


Motor vehicles alone 


(stops at all stations). | 52 17 to 20 


Motor vehicles hauling 
one trailer (without 


stop) 67 | Average: 16.1 


Motor vehicles hauling 
two trailers (stops 
at all stations). . .} 83 


17.8 to 20.4 


These figures also include the current 
used for working the brake and whistle. 

Admitting that the great difference be- 
tween these figures and that shown by 
the Dutch motor vehicles is partly due to 
the nature of the current, it is possible 
to see the very great advantage of the 
absence of gearing. 

It is well known, moreover, that the 
gearing of tramway motors absorbs 6 to 
10 % of the energy. 

Differences in efficiency of the more 
powerful motors used on railways are 
shown below : 


Motors Motors 


POWER. with without 
gearing. gearing. 

Full load . 86.5%'o | 89> 
25 °/, load . 75 %o 88.5 Fo 


Trials at the works, with gear wheels in good con- 
dition. The meantractive effort after starting often 
remains in the proximity of 25%. 


Taking a difference in mean consump- 
tion of energy of 10 % at the trolley 
wire, if there is only a 20 % drop in 
the cable from the central station up. to 
the sub-station, the loss of energy will 
be 12.5 % with high tension. 

To this must be added the difference 
in maintenance costs. 

If therefore the nature of the current 


pa fn ae 


had an effect on the ease of construction 
of the Gearless motors, it would be an 
important argument in its favour, since 
it is certainly more economical in elec- 
trical energy and upkeep. 


D — Financial results. 
Comparison with steam traction. 


a) Most of the reporters regret not 
being able to supply sufficient financial 
information to enable them to point to 
one of the systems under discussion being 
the best from the point of view of first 
costs and running expenses. 

Mr. Gibbs, however, states that in first 
cost there is an economy of 10 % by the 
use of single-phase in comparison with 
continuous current, and considers it 
slightly less expensive to work. As this 
advantage cannot result from the working 
of the single-phase motors, it is no doubt 
attributable to the transmission of energy 
at very high voltage, which allows a 
greater distance between the sub-stations 
and so reduces the cost of their super- 
vision and upkeep. 

In contradiction to this, Mr. Sabouret 
gives a case in which this factor of eco- 
nomy gradually vanished on account of 
the means that had to be adopted to 
overcome induction, which caused a drop 
in voltage, and finally necessitated the 
fixing of suitable apparatus to boost it 
up. again. 

As this relates to an American instal- 
lation, it is only right to quote the opi- 


nion of engineers in that country on this 
subject as reported by Mr. Gibbs. First 
of all he does not admit that it is certain 
that continuous current is not harmful 
as regards induction in telegraph and 
telephone circuits, and the saving in the 
United States would not counterbalance 
the advantages gained from very high 
tension currents. This is because the 
expense would be divided up between the 
telegraph and telephone companies and 
the owners of the railway, when, of 
course, the telephone and telegraph lines 
are close to the track, which is rarely the 
case in America. Finally, he concludes, 
it is rather a technical problem that ex- 
perience will finally solve in the best 
interests of both parties. 

At present, therefore, there is no ab- 
solute criterion of a financial nature to 
determine the choice between the various 
methods of electrification. At the same 
time, a given system which is economical 
in the transmission of energy necessitates 
the use of motors more expensive to buy 
and maintain, which is a drawback in- 
creasing proportionally to the number 
put on the line (*); 

b) As regards the comparison between 
the two methods of traction, electricity or 
steam, may I be allowed to interpret in 
a somewhat paradoxical form an opinion 
apparently shared by my colleagues who 
have had to deal with question VIII : the 
more competent a railway engineer con- 
nected with electric traction becomes, the 
less he considers it susceptible of being 


(1) This assertion has already been put forward by Mr. J. A. Davis in the Street Railway Journal of 
the 7 September 1907, showing the comparative financial factors of the different systems, as follows : 


Method of transmission. +. Continuous : Continuous : Single-phase : 
600 volts. 1 200 volts. 6 600 volts. 
Sub-stations, feeders, contact line; per 
mile of single track, in dollars . 10 670 9 200 7 170 
Cost of a motor vehicle, in dollars. . . 40 800 44 800 43 800 
Upkeep of the equipment of the motors 
per car mile, in American cents 0.4 0.5 0.6 


— 


’ 


ayes = 


extended economically to all kinds of 
railway service on all the lines of the 
large railway systems. The steam trac- 
tor will keep its place a long time yet in 
the working of railways. 

In those regions, however, where «white 
coal » is abundant, also on lines of varied 
gradients, with large traffic necessitat- 
ing the multiplication of locomotives for 
loads relatively small, or else on those 
lines where the ventilation of long tun- 
nels has to be considered, and in cases of 
terminal stations where there is a heavy 
suburban service causing much shunt- 
ing, electric traction is an advantage, as 
has been shown by the reporters, inde- 
pendent of whether hydro electrical gen- 
erated energy is available or not. Econ- 
omy also arises from the fact of the 
eapacity of the lines being increased, and 
thus doubling them is avoided. On long 
inclines electric traction causes the run- 
ning to be more regular, being free from 
the troubles experienced with steam loco- 
motives, which are unable to give a max- 
imum output over long periods. Accord- 
ing to the picturesque expression of 
Mr. Sabouret, « the electric locomotive, 
on the contrary, is never out of breath ». 

In addition, as clearly shown by the 
same reporter multitraction allows the 
power being applied at the most suitable 
points of the train and so renders the 
running more satisfactory. 

Small passenger trains of motor-coaches 
and worked on the « multiple unit » 
system serving the neighbourhood of 
large centres cause, by their frequency, 
an increase in traffic, and that system 
which goes in most for this frequency of 
light motor vehicles will be rewarded by 
certain success. 

Table IV of Mr. Donati’s report which 
gives a comparison between steam and 
electric traction in Italy is very conclus- 
ive. 


As might be foreseen, it is the cost of 
power that plays the principal role, coal 
working out to 13.15 lire for 100 virtual 
tkm. for steam traction, and only 4 lire 54 
to 1 lire 60 for electric traction. 


E — Conclusion and questionnaire. 


The above general synopsis shows 
clearly that without wishing to limit the 
range of questions that will be put at the 
Congress at Rome on the electrification 
of the large railway systems, it will be 
possible this time to direct the discus- 
sions of the 2™* section to subjects of 
practical interest put forward by the 
reporters. 


4. — From the statements of the re- 
porters taken as a whole concerning the 
relative value of the principal forms of 
energy applicable to the electrification 
of railways, we are inclined to conclude 
that the question « which is the best » 
will no longer be asked, but rather « un- 
der what circumstances should any one 
of them have preference ». 


9. — The point on which all the re- 
porters seem to agree, is the uselessness 
of standardisation of the current in the 
contact wire on account of the ease with 
which locomotives may be changed at the 
frontiers of the different countries. This 
question might raise discussions of a 
political nature which are against the 
custom of the Railway Congress. 


3. — One point, on the contrary, does 
not appear to be absolutely advisable, and 
that is the proposal to standardise the 
system of traction over the whole of a 
large country like France for instance. 
It is absolutely certain that the Southern 
lines in the neighbourhood of the Pyre- 
nees must electrify at 1500 volts contin- 
uous current, if one of the alternative 
types could be employed with greater 
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advantage, bearing in mind that there 
are other considerations than those pu- 
rely technical. 

The Italians show themselves to be 
more eclectic, and the Americans have no 
thought of standardising one special sys- 
tem. The English make concessions to 
pre-existing installations {provided that 
installations at joint stations where two 
systems meet allow of the changing of 
the locomotive. 


4, — It is unanimously desired that the 
methods of compiling particulars relat- 
ing to economy should be standardised, 
not by a system of book-keeping of each 
electrified group, but what might be 
called by an international account. We 
hope that a table of comparative financial 
particulars will be discussed at a sectional 
meeting. 

It would be convenient to adopt for 
this purpose a common standard by which 
all particulars and results both technical 
and financial can be equally measured, 
for exemple, by virtual ton-kilometre, 


which is equivalent to a ton-kilometre 
on a straight level line. 


Here are a few other questions inspir- 
ed by the reports : 


5. — Is the longitudinal catenary sus- 
pension preferable to the simple trans- 
verse suspension, technically and econom- 
ically? 


6. — Has the use of three-phase cur- 
rent at 50 periods given rise to practical 
results justifying its extended use for 
main line railways? 


1. — What type of current is the best 
for use with the Gearless motors, permit- 
ting the latter to keep their known ad- 
vantages? 


8. — Is multitraction more suitable 
with one type of current than another? 


It is of course understood that the 
above questions are only for guidance 
and are by no means the only ones that 
might be put. : 
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REPORT N.. 3 


(countries using the English language) 


ON THE QUESTION 
CUSSION AT THE 
ASSOCIATION), (*) 


OF GOODS (FREIGHT) 
NINTH CONGRESS OF THE INTERNATIONAL RAILWAY 


STATIONS (SUBJECT X FOR DIS- 


By Howarp G. KELLEY, 


PRESIDENT, GRAND TRUNK RAILWAY SYSTEM OF CANADA, MONTREAL, QUE. 


Figs. 1 to 3, pp. 803 to 804. 
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In order to secure information on the 
different points raised by the title of this 
paper, a questionnaire was prepared and 
submitted to 29 American railways, 42 
British railways, 9 Indian and 2 African 
railways. 

Replies have been received from the 
following : 


American railways : 


Southern Railway System, Washing- 
ton, D. C.; 

Norfolk & Western Railway Company, 
Roanoke, Va.; 

Pennsylvania System, Philadelphia; 

Delaware, Lackawanna & Western 
Railway Company, N. Y.; 

The Long Island Railway Company, 
NAN 33 

The Central Vermont Railway, St. Al- 
bans, Vt.; 

Erie Railway Company, New York; 

Lehigh Valley Railway, New York; 

New York Central Lines, New York; 


Se iliee Ee 
« Organization of the receiving and the delivering stations, s0.as — 
Arrangement of the buildings and tracks so as to simplify shunting 
particularly as regards goods in-bulk. Mechanical appliances. » 


(4) This question runs as follows : 
to accelerate their business. 
switching) operations and handling, 


“The Staten Island Rapid Transit Rail- 
way Company, N: Y.; 

The Baltimore & Ohio Railway Com- 
pany, Baltimore, Md.; 

The Hocking Valley Railway Company, 
Richmond, Va. 


British railways : 


The Highland Railway, Inverness, 
Scotland; 

Glasgow & South Western Railway, 
Glasgow, Scotland; 

Great North of 
Aberdeen, Scotland; 

The Liverpool Overhead Railway 
Company, Liverpool, England; 

Furness Railway, Barrow-in-Furness, 
England; 

North Staffordshire Railway, Stoke- 
on-Trent, England; 

Great Western Railway, 
land; 

South Eastern & Chatham Railway, 
England; 


Scotland Railway, 


London, Eng- 
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“Tralee & Dingle Railroad, ‘Tralee. — 


Other railways - 


South Indian Railway Company, Lon- | 
don, England; 

Bombay, Baroda & Pentral India Rail- 
way Company, ‘London, England; 

Madras & Southern Mahralta Bede: 
London, England; 

- India Railway Conference Assom.: 


_ Nigerian Government Railway, Lagos, 
South Africa. ‘ EI 


A copy of the questionnaire is publish- si 
ed as an appendix to this paper. i 


The problem of freight handling at 
railway stations, or more generally rail- 
way terminals, is one of rapid, efficient 
and economical transfer of freight from 
one form of transportation to another. 
The collecting of freight from primary 
sources, such as road stations, mines, 
mills, ete., is a comparatively simple pro- 
blem and ‘does not call for any particular 
attention in a paper of this nature. Its 
transfer and delivery at terminal points, 
however, is one of the utmost importance, 
calling for the provision of the best pos- 
sible facilities and maximum efficiency 
of organization that this important phase 
of transportation may be handled in the 
most economical manner. 

The subject, as thus limited to (site 


nals, divides itself into five distinct head- a 


ings according to the methods of delivery 


J ret ueet | Die Ea 


viage, 


delivery to team tracks, 


iranetected ‘between rail an 


car's In exriving-taiti e 
reight ‘houses, = 
private sidings, piers or to connecting — z 
roads, and outbound cars classified and a 
marshalled into trains for road ‘haul. 

This general yard must also provide pro- — 
per facilities for the ¢ cars of motive : 


and the form of carrier to which trans- up on 4 


fer is made; these are : 


1am General yards; a . 
2° Team delivery yards in which car 


hauls through 01 
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yard of this nature must occupy 4 large 
area, it will generally be necessary to lo- 
cate it on the outskirts of the city, some- 
times as much as 15 or 20 miles from 
freight house, team tracks, etc. In such 
eases it is convenient to have small dis- 
trict yards closer in, from which cars may 
be delivered and received at the various 
loading and unloading points, and in 
which final classification may be made. 
The main yard for inbound traffic should 


have facilities as follows : 


Receiving yard. — The track capacity 
of the receiving yard should be sufficient 
to hold at least all trains arriving during 
any one hour of maximum business. The 
individual tracks should be long enough 
to hold without a break the longest trains 
ordinarily received, and to accommodate 
with only one break the maximum train 
received. 


Separating yard. — The separating yard 
is where the first breaking up of the 
train and distribution of cars is effected. 
The classification made in this yard is 
generally by delivery districts. It should 
be located in advance of the receiving 
yard and in such a position that cars can 
be readily moved into it. The number 
of tracks in the separating yard is govern- 
ed by the number of separations to be 
made and the length of these tracks by the 
number of cars in each separation. 


Classification yard. — This is the yard 
in which cars placed by districts in the se- 
paration yard are switched in delivery or- 
der. It should be located in advance of 
the separation yard in such a way that cars 
may be readily moved into it from any 
track of the latter. It is well to avoid 
unusual Jength of classification or sort- 
ing tracks. | Where classifications are 


numerous the provision of a track for 
each classification should not be attempt- 
ed. If more classifications are necessary 
than tracks can be conveniently provided 
for on one lead, a second yard should be 
provided, in the case of an outlying yard 
serving district yards closer to the centre 
of the terminal, it may be advantageous to 
take cars direct from the separation yard 
to the district or sorting yards and do the 
final classification there. A decision as 
to where final classification is to be made 
will depend upon facilities available and 
number of cars for each classification. 


Departure yard. — For inbound traf- 
fic, if the classifications are large enough, 
cars may be taken directly from separa- 
tion or classification tracks by transfer 
engines, or they may be assembled on a 
departure track by a switch engine. The 
provision of special departure tracks will 
depend on local conditions. The depar- 
ture yard, if provided for inbound traf- 
fic, should be in advance of the classifi- 
cation yard and conveniently situated for 
the direct movement of cars from the lat- 
ter to the departure track. 

The arrangement of yards and tracks 
for outbound traffic is similar to that 
described for inbound but arranged in 
reverse order. 


Storage yard. — A storage yard must 
be provided to hold cars on consignment, 
and which, on account of other traffic 
and operating conditions, cannot be im- 
mediately delivered. The holding of 
loaded cars is most undesirable but is 
often unavoidable, and, therefore, storage 
tracks must be provided in order that the 
« hold » cars may not interfere with the 
switching and delivery of other cars. 
The storage yard to be convenient to the 
other yard tracks and of sufficient size to 
meet local requirements. 
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Operation.. — The actual practice in 
switching and placing cars is a matter 
that must be governed by the peculiarities 
of the traffic and the physical character- 
istics of the yard, and can therefore only 
be described in a general way. 

When a train arrives in the receiving 
yard, the engine and caboose are at once 
cut off. The conductor delivers his ma- 
nifest and switch list to the yard clerk 
who prepares a card for each car which 
by shape color or symbol denotes its final 
destination. Another clerk attaches 
these to the individual cars. While the 
ecards are being prepared and attached, 
the cars are inspected and any which 
have to be repaired marked for the repair 
track. 

After inspection and marking, a switch 
engine takes charge and runs the cars 
into the separation yard according to 
their destination by districts. From the 
separation yard, they are taken by ano- 
ther switch engine to the classification 
yard and switched in delivery order, or 
where this final classification is done in 
district yards, they are taken by a tran's- 
fer engine to the proper district or sort- 
ing yard and the final classification made 
in that yard by the district switch engine. 
After final classification, they are deli- 
vered to the fracks where they are to be 
unloaded. 

Movement of cars within the general 
yard is not usually reported, but the con- 
ductor of the transfer train reports’ all 
cars moved in and out by him and when 
delivered, as does also the conductor. of 
the district switching engine report all 
cars placed and lifted from particular 
locations. In this way a record is kept 
showing the movement of the car from 
its arrival into terminal to the time of its 
departure. 


Team delivery yard. 


Location. — The location should be as 
near the industrial centre of the city as 
possible. The advantages are ability to 
meet competition from water routes where 
they exist, and other railways. The team 
haul of a few city blocks is often a decid- 
ing factor in the routing of freight. 
Against these advantages of a central lo- 
cation must be balanced the higher in- 
terest charges and taxes on such property, 
as well as the expense of gaining an en- 
trance. With a new road, an old road 
seeking new business, or one having out- 
grown its present facilities, the question 
to be considered is whether a central lo- 
cation will bring sufficient business to 
justify the higher cost. Generally it will 
be found that the expenditure of consi- 
derable sums are justified in providing a 
convenient and central location. The 
location with respect to other facilities is 
also important from an operating point 
of view. Proximity to other facilities 
makes it possible to handle the business 
with one supervisory staff, and lessens 
the amount of switching necessary. 


Layout. — The general layout is usually 
restricted by the size and shape of the 
property available, making what might 
otherwise be an ideal, unattainable. The 
size will be governed by the business of- 
fering at present and the necessary pro- 
vision for a reasonable increase. 

Trackage where possible, should be pro- 
vided for at least one day’s business, and 
preferably two to allow for delay in load- 
ing and unloading. Several tracks, 
holding from 15 to 20-40 foot cars, are 
preferable to long tracks, as they tend to 
quicker handling by switch engines, and 
a minimum interference with draymen. 
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To save space, tracks are generally laid 
in pairs with a roadway between. The 
distance between tracks for American 
ears is from 12 to 43 feet and for British 
cars from 411 to 13 feet. The distance 
between pairs of tracks ranges from 35 
to 60 feet, leaving clear roadways of from 
97 to 32 feet. The governing principle 
is that a motor truck or wagon, backed 
against a car for loading, should not block 
the roadway. As modern motor truckis 
of large capacity run to extreme lengths 
of 40 feet, a clear roadway of 52 feet is 
none too wide and should be provided in 
designing future yards. 

Tracks connected to ladders at both 
ends are preferable from a switching 
viewpoint, as it is possible to pick out 
ears when loaded without disturbing the 
whole string, but are seldom practicable 
on account of space limitations. The 
extra convenience will not justify any 
considerable expenditure for land. Ap- 
proximately 50 % of the roads answering 
the questionnaire preferred stub end to 
through tracks. 

The paving of the roadways should be 
of permanent type and design for heavy 
traffic. Ample drainage should be pro- 
vided. 

The use of special appliances such as 
car pullers, transfer tables and turntables, 
are unknown in American team yards. 
They are used in British yards where 
space is so limited that their use cannot 
be avoided. In yards where, on account 
of high property values, it is of impor- 
tance that all space be utilized to best ad- 
vantage, or where approach is impossible 
in any other way, the installation of turn- 
tables and transfer tables deserves con- 
sideration. 

Track scales are seldom provided in 
team yards, the custom being to weigh 
the cars at the first classification yard 


through which they pass after despatch. 
They can be installed to advantage only in 
very large yards. | Where so installed, 
they should be near the main load to fa- 
cilitate weighing. 

Wagon scales are provided at impor- 
tant yards, they should be of sufficient 
capacity to accommodate the largest mo- 
tor truck in common use. For conve- 
nience they should be located near the 
main team entrance and convenient to 
yard office. . 

The extent to which platforms, 
ramps, etc. (for convenience in load- 
ing automobiles, farm machinery, ete.), 
are provided, will depend on the extent 
of this class of traffic handled. Where 
considerable, ramps and platforms pro- 
vide a convenient means of loading. 

In yards receiving or shipping heavy 
pieces of freight, some mechanical means 
of handling is essential. The elaborate- 
ness of this machinery will depend on the 
weight of pieces and the extent of this 
class of business. It will range from a 
hand operated crane to an elaborate gan- 
try crane, spanning a roadway and sev- 
eral tracks. For a large installation the 
most useful is an electric gantry crane 
running on rails placed on the roadway 
side of the running tracks, spanning the 
roadway and having a cantilever arm over 
each pair of tracks. On this bridge is 
mounted an electric travelling hoist of 20 
to 30 tons capacity. 

In some cases special yards are provid- 
ed for special commodities ‘or certain 
parts of the general yard set apart. It 
is often advantageous to designate special 
places for fruit, yegetable and farm pro- 
duce, or special yards for handling coal, 
lumber and other heavy commodities. 
The extent of this practice will be govern- 
ed entirely by local conditions and no 
fixed rule can be laid down. 
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The operation of the team yard pre- 
sents no special difficulty. Consignees 
are notified of the arrival of their cars 
in the usual manner, and on application 
to yard office, are given their location. 
If a sealed car, a clerk accompanies consi- 
gnee when opening and checks out con- 
tents as itis unloaded. Loading and un- 
loading of cars placed on team tracks are 
done exclusively by shippers and con- 
signees. The most advantageous time 
for placing and removing cars is before 
unloading commences in the morning and 
after working hours in the evening. If 
more than these two shifts are necessary, 
they should be made at noon, so as to dis- 
turb the carters to as small an extent as 
possible. 


Freight houses. 


Location. — The same factors which 
govern the location of a team yard are 
operative in the choosing of a location for 
a freight house. The Jocation with res- 
pect to the general or district yard should 
be such as to allow quick handling of 
cars to and from the house. 


General design. — At a small terminal 
one house for both inbound and out- 
bound business will serve, but where the 
business is heavy, instead of having a 
large house for the handling of both 
classes of business, it will be found ad- 
vantageous and economical to provide se- 
parate houses for inbound and outbound 
business. 

The exact point at which it will pay to 
establish separate houses is difficult to 
determine. The answers to this question 
showed wide differences of opinion, some 
roads stating that a total business of 100 
tons per day would justify separate 
houses, while other roads claimed they 
were not justified until the business 
amounted to 600 tons per day. 


The correct answer is probably about 
300 tons, but much depends on local con- 
ditions. Other roads state that where 
business necessitates a shed over 400 feet 
in length, that separate houses should be 
provided. No general rule can be laid 
down, each situation must be treated on 
its merits, proper consideration being 
given to all local factors balancing in- 
creased investment against economy in 
operation. 


Inbound houses. — The purpose of an 
inbound house is the transfer of package 
and L. C. L. freight from ear, to road ve- 
hicles. Incidental to this transfer and 
consequent upon road vehicles not being 
available for direct transfer, a certain 
amount of storage is necessary, involving 
a sorting and piling of the freight. This 
condition is especially noticeable where 
delivery is done by the consignee and not 
by the railway, as is the almost universal 
custom in America. 

If direct transfer from car to wagon 
or truck were possible, an extremely nar- 
row shed would be advisable giving a 
short trucking distance, but the require- 
ments of sorting and storing call for a 
certain minimum floor area, and this with 
a narrow shed would require one of ex- 
treme length. 

The length is limited by practical 
trucking distance, as freight from any 
car has to be trucked to its proper loca- 
tion to await delivery. The problem then 
is to provide the necessary floor space by 
balancing length against width until a 
layout is obtained which will permit of 
maximum economy in operation. The 
American Railway Engineering Associa- 
tion recommends 50 feet as a good aver- 
age width, while the American Railways 
replying to the questionnaire gave 35 feet 
as aminimum and 75 feet as a maximum. 
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The concensus of opinion as to length 
was that it should not exceed 800 feet for 
efficient trucking. This distance is for 
hand trucking but where tractors and 
trailers are used it can be exceeded some- 
what. 

An investigation made by the New York 
Central Railway showed that for proper 
operation 135 square feet net floor space 
was required for each ton of freight 
handled per day, and that, allowing for 
aisles, etc. 150 square feet gross was ne- 
cessary, also, that the average maximum 
freight which could be handled at any 
one door was 15 tons and this only with 
wide driveways and the use of motor 
trucks. 

Taking as an example a point where 
600 tons of inbound. freight is received 
per day, and using the figured floor space 
of 150 square feet per ton, a total area of 
90 000 square feet is required. If 75 feet 
is assumed as the maximum width, the 
length must be 1200 feet. If this 1200 
feet is assumed as the maximum practical 
length, which it approaches, the capacity 
of the house can only be increased by ad- 
ding more floors with the consequent ad- 
ditional expense of elevator service, etc., 
or building another freight house. 

The following relations between vari- 
ous factors of design for warehouses 
where the turnover of goods is moderately 
rapid are taken from A. R. E. A. Bulletin, 
vol. 23,No. 239, September 4921, and al- 
though not representing exactly limits 
of design are indicative of proper relation 
which should exist, based on experience 
of warehouses studied : 


4° One elevator should be provided for 
each 40000 square feet of warehouse 
space served; 

2° Shipping platform area should be 
4 % of warehouse storage floor area; 

3° There should be one car length of 


siding track for each 17600 square feet 
of warehouse storage area; 

4° There should be one foot of tail- 
board frontage for every 1100 square feet 
of warehouse storage area; 

5° There should be 16 feet of tailboard 
frontage for each car length of siding. 


A platform on the team side of the in- 
bound house has little or no advantage 
and is not usually built, but on the track 
side a continuous platform 8 to 16 feet 
wide should be provided for trucking. 
Its provision eliminates the necessity of 
spotting cars exactly opposite the doors 
of the freight house, and the confusion of 
trucking inside the building. Ifa plat- 
form is not so provided, the side of the 
house should be continuously open and 
without posts, the doors being arranged to 
slide by each other enabling an opening 
to be made wherever a car door stops. 
This arrangement is in effect a platform 
and necessitates a continuous clear space 
along the inside of the house, thus cut- 
ting down the floor space available for 
storage. It is considered the better prac- 
tice to provide a platform. 

Tracks serving the house are generally 
provided in pairs parallel to the long side 
of the house. Twelve foot centres are 
usual. Closer spacing will not allow re- 
frigerator car doors to be opened and a 
wider is unnecessary. Where more than 
two tracks are necessary, the pairs should 
be separated by platforms of about 12 feet 
in width. With these, every car can be 
unloaded directly to a platform which is 
a convenience and avoids expensive 
switching in an effort to spot car doors 
directly opposite each other. Their pro- 
vision also makes unnecessary straight 
line trucking through several rows of 
cars, in which truckers are at all times 
liable to meet causing confusion and 
delay. 
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At intervals of at least 400 feet some 
form of bridge should be. provided over 
the tracks between these platforms and 
the freight house platform to save truck- 
ing distance and eliminate the necessity 
of trucking through two cars of different 
floor heights. These trucking bridges 
may be removable platforms resting on 
supports placed between the track, or 
they may be of the bascule type either 
hand or power operated. The space be- 
tween bridges should be of such length 
as to accommodate an even number of 
standard cars. . 

Roadways should be of sufficient width 
to allow the longest vehicle in use, to be 
backed against the door without comple- 
tely blocking it for the passage of other 
vehicles. 


Outbound houses. — The purpose of 
an outbound house is the transfer of 
package and L. C. L. freight from road 
vehicles to cars. As cars are generally 
available for direct loading, little storage 
is necessary and the width can be made 
narrower than inbound houses. 

The American Railway Engineering As- 
sociation recommends 30 feet as a good 
average width. American railways re- 
plying to the questionnaire gave 20 feet 
as a minimum and 55 feet as a maximum 
width, but generally favored a width of 
30. feet. 

Wide houses entail unnecessary truck- 
ing and-if too long, require too great a 
train length, which either stops house- 
work while the set-up is being changed 
or detains cars. Freight houses have 
been built up to 2000 feet in length but 
usually are failures in practical working, 
unless the track layout is such as to ena- 
ble part of it to be worked without dis- 
turbing the remainder. 

The requirements as to tracks, plat- 


forms, etc., are practically the same as. for 
inbound houses, except as to.provision of 
a platform on the track side which is not 
as important as in the case of inbound 
houses, on account of the trucking being 
direct from teams to cars, it has however, 
the advantage of not requiring such close 
spotting of cars. 

There is a difference of opinion as to 
the advisability of putting a narrow plat- 
form on the receiving side of outbound 
houses. A certain advantage is to be 
gained in enabling teamsters to get rid 
of their loads quickly, on the other hand 
it requires a closer check and a larger 
foree of receiving clerks than where 
freight is unloaded directly into the 
house. Where numerous doors are pro- 
vided a platform is certainly unnecessary. 

It is advantageous to place inbound 
and outbound houses opposite to each 
other with tracks between and a connect- 
ing platform at the end. This enables 
freight to be transferred directly from 
inbound cars to outbound cars where ne- 
cessary, and facilitates the switching of 
empty inbound cars to outbound plat- 
forms to be loaded. The houses can be 
under one general supervisory force with 
offices located convenient to both. 

Where outbound business requires a 
great number of cars, the average truck- 
ing distance can sometimes be reduced 
if the freighthouse is built at right angles 
to and back of a series of tracks built in 
pairs with covered platforms between. 

Outbound houses should be provided 
with scales at frequent intervals, say 50 
or 100 feet apart, and arranged along the 
side where delivery is made. The beams 
should be parallel to the wall so as to 
leave no obstruction to trucking. Auto- 
matic dial scales furnishing the weight 
on a printed slip are a great convenience 
and speed up weighing. 
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As long as a road has only one terminal 
in a city, the matter is comparatively 
simple, but when business outgrows 
this condition and additional freight 
houses are necessary, operating troubles 
begin. It becomes necessary to establish 
transfer service between each inbound 
house and outbound house to get the 
freight going beyond the station to the 
proper outbound house for reloading. 

Ordinarily, a car is placed at each in- 
pound house to move this freight daily 
or oftener.- These are called trap cars. 
The Cleveland, Cincinnati & Chicago Rail- 
road has met this problem by means of 
motor trucks with demountable bodies. 
The system adopted is more fully deserib- 
ed later. 

The type of floor adopted for a freight 
house is one that should be given proper 
consideration A poor floor impedes 
trucking and results in increased cost. A 
hard maple floor, laid over treated soft- 
wood, is the most satisfactory for truck- 
ing. Asphalt is good and has the advan- 
tage over wood of being fire resisting, in 
wet weather, however, it gets slippery. 
Conerete chips at joints, and after being 
in use for some time, becomes rough and 
difficult to truck over. Hardwood has 
none of these disadvantages but it must 
be carefully laid to give good results. 

A slight inclination in the direction of 
greatest movement is an advantage, espe- 
cially where hand trucking is the rule. 


Freight transfer stations. — In con- 
nection with freight houses, it is often 
necessary to provide freight transfer fa- 
cilities for the purpose of transferring 
freight from one car to another in order 
that it may be consolidated in cars for 
one destination. 

The location should be at a point where 
traffic converges or diverges, and at such 


places both purposes may frequently be 
served at the same transfer station: 

A covered platform with one or two 
tracks on both éides is usually provided. 
It is not desirable to have more than two 
on each side of the main platform. If 
more are required additional platforms 
should be provided outside the first two, 
so that the movement of truckmen may 
not be impeded. Tracks should be open 
at both ends to facilitate movement and 
make it possible to shift or place cars 
with the least disturbance and interrup- 
tion. 

The length of the main platform should 
not exceed actual requirements and the 
width should be not more than 24 feet so 
that the distance to be travelled may be 
kept within reasonable limits, 14 to 
46 feet platforms roofed over will be 
found most suitable for general transfer 
business, but in fixing the width, consi- 
deration must be given to the class of 
commodity to be handled. Cotton and 
other heavy baled goods can be handled 
to advantage on a platform from 10 to 
42 feet wide. The main platform should 
be covered and the height should be that 
of a car floor when standing on the track 
alongside. For American cars, this is 
about 4 feet. 


Multiple storied freight houses. — So 
far, only single storied freight houses 
have been dealt with. The value of real 
estate in large cities, artificial topograph- 
‘eal conditions, due to grade separa- 
tion, etc., and the necessity of increased 
space for storage, especially in inbound 
houses, have forced the consideration and 
pbuilding of freight houses of more than 
one story. 

The subject divides itself into the fol- 
lowing subheads : 


4° Two track level freight houses as 
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compared with single level freight houses; 
2° Freight houses with tracks at one 
level and delivery at another; 
3° Multiple storied freight houses or 
the operation of storage warehouses in 
connection with freight houses. 


4° This type is practically unknown in 
America, but the increasing value of real 
estate in our large terminals favors its 
consideration. Their operation will 
undoubtedly be more expensive than sin- 
gle level terminals, but the economy in 
fixed charges may possibly result in a 
lower total cost per ton. 

2° This type of freight house with 
tracks and delivery on different levels is 
attracting increased attention for large 
terminals and in providing new facili- 
ties, must be given serious consideration. 
The factors involved are necessity for 
expansion of facilities which is other- 
wise impossible or impracticable except 
at large expense for additional land; se- 
paration of grades, which with single 
level houses would involve steep approach 
driveways; the reduction in the conges- 
tion of vehicles and shortening of truck- 
ing distances, the latter being one of the 
principle factors in the expense of oper- 
ation. 

Where conditions permit of choice be- 
tween single or multiple level designs, se- 
lection must be based on these considera- 
tions : 

1° Value of land; 

2° Construction cost; 

3° Present and future business; 

4° Operating costs; 

5° Operating capacity. 


As with the two track level house, oper- 
ating costs will undoubtedly be higher, 
but total cost, considering fixed charges 
may be found to be less. 

A study made in 1916 by the American 


Railway Engineering Association, showed 
that the average handling cost in two 
storied houses was 10 % in excess of the 
average for a single storied house. 

The almost universal arrangement is to 
have both tracks and teamways run lon- 
gitudinally with the building, with plat- 
forms on the upper level directly over 
those on the lower level. 

3° Railway freight warehouses are now 
being used extensively. They combine 
railway and commercial purposes. Faci- 
lities are provided for cars and teams on 
the lower one or two floors, and other 
floors are rented to merchants and others 
for storage. Inbound freight can be 
sent direct to storage, and outbound di- 
rect to car platform for shipment. Con- 
siderable time is saved and considerable 
heavy trucking or teaming eliminated be- 
tween freight house and warehouse, va- 
luable city property is utilized to the ut- 
most and thus a reduction in fixed 
charges is made. 

Some roads do not favor going into the 
warehousing business, but where freight 
houses occupy land of high value, it is 
very desirable to develop revenue from 
the area occupied and offer economy to 
the shipper, providing the normal busi- 
ness of the road is not interfered with. 

One objection that has been made to 
the proposal is the confusion of teams 
and in elevator service serving both 
freight houses and warehouses. This ob- 
jection has been overcome by the provi- 
sion of elevated roadways to serve the 
upper stories, access to them being gain- 
ed either by ramps or large elevators ca- 
pable of taking the heaviest motor truck 
or dray commonly used. 

One of the first considerations in two 
or more level houses is adequate provi- 
sion for handling freight between floors. 
Inclined conveyors, gravity chutes, esca- 
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cand pera 


lators, etc., have been proposed and are 
used in numerous cases, but the principle 
means employed are electrically operated 
elevators. For economical operation these 
should have large lifting capacity and 
platforms large enough to hold a train of 
trailers. The doors at the various floors 
to be arranged on both sides to permit 
one train of trucks to be run off and 
another on without interference. 

Automatic elevator service is a remark- 
able development of elevator equipment 
which has lately been applied with mark- 
ed success is some of the busiest railway 
and commercial warehouses. No oper- 
ators are required on the elevator cars, 
thus eliminating a large wage item and 
innumerable slight delays due to the per- 
sonal equation of a number of employees 
operating. One despatcher at a desk, 
equipped with a battery of signal lights, 
can control all movements of as many as 
30 cars. The elevators are equipped with 
automatic floor levelling devices and 
other safety appliances. Another type 
does not require a despatcher but is oper- 
ated by means of push buttons, adjacent 
to the doors of elevators. 


Operation of freight houses. 


Handling inbound freight. — The per- 
sonnel for the operation of an inbound 
freight house consists of a foreman, in 
charge of the house and responsible for 
the correct unloading, checking and deli- 
very of freight to consignees, as many as- 
sistant foremen as are necessary, a cleri- 
cal staff, checkers, callers, truckers, deli- 
yery clerks and laborers. 

An inbound house is usually divided 
into ‘sections, alphabetically or numer- 
ically with special sections for consignees 
whose business warrants it. Each sec- 
tion is given a « location symbol » which 


is used in stowing the freight and in sub- 
sequently locating it for delivery. 

When a ear is placed ready for unload- 
ing, a checker supplied with the waybills 
or \special tally sheets, opens the car, 
making a careful note of the seal numbers 
and their condition. The caller, as each 
piece is loaded into a truck calls to the 
checker its description and markings to 
enable him to identify it on waybill or 
tally sheet. Each piece is marked with 
the car number, date of unloading and 
« location symbol », which gives to the 
trucker its destination in the house. The 
checker enters on his tally sheet in the 
proper column the « location symbol. » 
which is later shown on freight notice 
and warehouse receipt to enable the deli- 
very clerk to readily locate the shipment. 

Each shipment consisting of two or 
more packages should be stacked together, 
with marks exposed. In the case of large 
shipments the checkers should send with 
the first truck load a slip showing total 
number of packages in shipment to 
enable proper provision to be made for 
piling it together. 

Careful checking, handling, with 
prompt and proper stowing inside the 
warehouse is necessary to protect from 
weather damage, and loss from theft. 
Overs, shorts, damages and thefts must 
be reported promptly with full particulars 
as to car number, seals, date, etc., for 
which special forms are usually provided. 

As soon as freight is unloaded, waybills 
or tally sheets are returned to office and 
expense bills made out, usually in qua- 
druplicate, one copy sent to consignee as 
notice of arrival, one copy sent to cashier, 
one to delivery clerk and one retained as 
office copy. These bills show date of 
shipment, date of arrival, number and 
kind of-packages, weight and charges and 
freight house location symbol. 
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_ The consignee upon receipt of notice 
pays charges to cashier, who receipts the 
bill which then becomes an order on deli- 
very clerk for the freight. On presenta- 
tion of this order at freight house door, 
delivery is made and receipt taken. 

All records pertaining to the unloading 
of freight at destination should be filed 
in proper order for reference. 


System used to notify shipper of arrival 
of freight. — One of the troubles in a 
freight station is the enormous amount 
of impatient telephone enquiries regard- 
ing freight arrivals. This can be suc- 
cessfully-met, at any large freight office 
where the clerk at the telephone has con- 
stantly before him copies of the arrival 
notices made out for each consignee on 
the arrival of freight, and these, being 
arranged alphabetically, enable him to 
answer a telephone enquiry from any per- 
son or firm in 20 seconds or less. The 
notices are classified not only under each 
letter of the alphabet, but also, when ne- 
cessary, by sub-divisions. When way- 
bills arrive, the clerk who makes the ex- 
pense bills uses carbon sheets and makes 
four copies at one writing. 

One of these copies, the « No. 4 », which 
is called the office record, is handed at 
once to the clerk at the telephone, who 
assorts. all of the sheets received and puts 
them in proper pigeon holes. Then on 
receipt of an enquiry, as quickly as he 
can turn and catch the letter on the hori- 
zontal line corresponding to the first let- 
ter in the name of the shipper, and the 
second letter in the name on the perpen- 
dicular line, he can- immediately locate 
the proper pigeon hole- and get the ne- 
cessary - information. 

The.« No. 4-», being a carbon of. the 
« No. t » all information as to date of ar- 
rival, date of shipment, number and kind 


of packages, weight and charges, are right 
before him, so that all questions relating: 
to the shipment can be answered intelli- 
gently. In the event of goods not being 
in, and consignee wishing to be advised 
by ‘phone when they do arrive, a pink 
slip is used, the information being insert- 
ed as to date shipped, kind and quantity 
of goods and the consignee’s *phone num- 
ber. When the goods finally arrive and 
the « No. 4 » are being distributed into 
their proper places, if a « pink » is dis- 
covered in a pigeon hole, the consignee is 
immediately notified. If consignee asks, 
« when will our goods be delivered », this 
may be answered as quickly as any of the 
other questions. When the delivery 
clerk passes over the sheets to the cartage 
company, the « No. 3 » is retained for the 
Accounting Department, but before these 
are passed to that Department, the enquiry 
clerk takes them, and in spare moments 
takes out the corresponding « No. 4 » and 
places it in the « Z »-space at the bottom. 
Adl he then has to do when he fails to 
find a « No. 4 » in its proper place is to 
look in « Z » and he is then in a position 
to know whether the shipment has passed 
out and is on its road for delivery. At 
the close of the day, the « Z » are taken 
out, tied together dated and sent to the 
Record Room. If taken from one pigeon 
hole after another in regular order, they 
will be found when tied, in alphabetical 
order. If a consignee has inquired sev- 
eral times and it seems desirable to start 
a tracer, the « pink » withthe inform- 
ation obtained at the time of the first 
call is still in the pigeon hole and avail- 
able for quickly making a memorandum 
which can be handed to the tracing clerk, 

thus saving the consignee all unnecessary 
trouble. 


- Handling outbound freight, — The per- 
sonnel in an outbound house consists of 
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foreman, route clerk, receiving clerk, 
truckers and stevedores. 

The teamster with bills of lading pro- 
perly prepared goes first to route clerk 
who marks on bill spot number of car 
in which freight is to be loaded, and 
if possible directs teamster to the freight 
house door which is nearest to that 
car. At the door the receiving clerk 
checks shipment with bill of lading 
and signs receipt for freight. He must 
be careful to see that each package is pro- 
perly described in bill of lading, pro- 
perly packed, properly addressed and in 
every way prepared to insure against loss 
or damage in shipment. In case of cor- 
rections being necessary on original bill 
of lading, alterations should be made and 
signed by shipper’s agent. 

To avoid confusion an independent bill 
of lading should be furnished for each 
dray load. 

To save handling and encourage team-~ 
sters to transfer freight directly from 
team to trucks a liberal supply of trucks 
should be kept at the doors at all times, 
separating freight for each destination to 
ensure accurate loading. 

All shipments not in standard packages 
should be weighed and weight marked on 
way-bill. 

In the handling of freight from time of 
receipt to final packing in car a positive 
accurate check is necessary to stop loss 
and prevent loading in wrong cars. The 
following plan known as affirmative load- 
ing is one of the best in operation to-day. 

As the freight is received over the bulk- 
head from the teamster, the receiving 
clerk chalks the packages with spot, board 
ordoading number. When loaded on the 
trucks for movement to the car, a ballot 
is handed the truckman bearing date, 
spot, board or loading number, number 
of packages in the shipment, and number 


of packages on the truck, pro number, 
truckman’s number and the clerk’s ini- 
tials (a space is also provided for the 
stowman’s initials or number after the 
freight has been stored in the car). 

The loaded truck is then moved and 
dropped inside or just outside of the car 
door as the facilities may permit with the 
ballot secured to the truck. The truck- 
man then picks up an empty truck and 
returns to his loading or receiving clerk. 

When the stowman or stevedore arrives - 
to release the truck his first duty is to 
verify the spot, board or loading number 
chalked on the freight and shown on the 
ballot, he then wheels the loaded truck 
into the car, removes the ballot, check- 
ing the contents of the truck against the 
ballot record. 

The ballot is immediately deposited in 
a receptacle hanging inside or just out- 
side the car door. 

If a truck is found to have been brought 
in front of a car in which the freight 
should not go forward, it must be sent to 
the centre of the platform and reported 
to the foreman for correction. 

As an additional safeguard against er- 
roneous loading, the platform foreman or 
some designated employee, must. inspect 
the ballots throughout the day in order 
to catch mistakes that might be made in 
the loading. 

A final verification of the ballots must 
be made at the close of the day’s work, 
when they are to be lifted and banded to- 
gether in car order. One man must be 
designated to handle the shipping orders 
from the platform to the billing depart- 
ment in order that the responsibility for 
delays and irregular handling may be lo- 
cated and corrected. 


Trucking systems. — There are two 
systems of hand trucking in general use, 
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in the first each trucker has his own 
truck, makes round trips with it between 
the loading and unloading point; the 
second which is known as the drop truck 
system, provides 5 to 15 trucks for each 
trucker and when a man brings his truck 
he does not wait for it to be loaded or un- 
loaded but drops it at a designated place, 
picks up another truck and takes it to 
destination. This system eliminates much 
of the empty truck movement and enfore- 
ed idleness of truckers which prevails 
under the first system. Where tractors 
and trailers are installed the same system 
can be used to great advantage. In out- 
bound houses freight is loaded directly 
from drays to trailers which are picked 
up by tractors making regular rounds de- 
livering empties and picking up loads. 


Piece work system of handling freight. 
— Many freight and transfer stations are 
introducing, with varying success, the 
system of handling freight and paying 
for it on a tonnage basis, an application 
of the « piece work system ». The suc- 
cess of this method and the details for 
working it depend largely on the class and 
cost of labor and the kind of commodities 
handled. There are various methods 
under which this may be worked, among 
others is that of taking a careful record 
of the handling of the freight and figur- 
ing on the cost per ton. One rate is 
usually made for package freight and 
another for carload or bulk freight, and 
at times special rates are made for certain 
kinds of commodities which run heavily. 
A record is then kept of the number of 
tons handled by each laborer.. In some 
cases the men pool the work and. the 
amount is paid in a lump sum to the fore- 
man or leader of the gang employed. The 
work may be also let out on a contract 
basis at a stipulated rate per ton to the 


foremen or a contractor, who in turn 
makes his own bargain with the laborers. 
No attempt should be made to materially 
lower the actual cost of handling. The 
company’s advantage consists in securing 
fewer and better men, and, in eliminating 
the labor agitator or disturber. It also 
results in quick handling of freight as 
the men will hurry or work overtime when 
necessary. In practice, it has been found 
that the cost per ton for handling freight 
is quite alike in amount to the rate of 
wages figured on the hourly basis. 


Mechanical handling in freight houses. 
— The difficulty in the use of mechanical 
conveying devices in freight houses is not 
in devising appliances, but in their adap- 
tion : 1° when the sizes and weights of 
packages are of infinite variety, and 
2° where the packages are received and 
delivered at numerous points. In other 
words the variety of packages and net 
work of movement in the average freight 
house makes an adequate installation of 
mechanical handling very difficult. 

Where there is a fixed point or points 
for loading and unloading, and a reason- 
able uniformity in the size and weight of 
the packages to be handled, as in a ware- 
house or industrial plant, the problem is 
simple and the question resolves itself 
into one of choosing the most suitable of 
the several very efficient systems on the 
market, but the freight house problem is 
complicated by the demand of great flexi- 
bility. 

Trolley, telpher and belt conveying sys- 
tems have all been considered and to some 
extent tried, but have. never been en- 
tirely successful for mixed freight hand- 
ling, as their fixed routes could not 
be adapted to actual conditions. 

Hand trucking, while slow and costly, 
meets all the conditions of flexibility, 
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and it is along these lines, with the 
replacement of man power by mechanical 
power, that the greatest advance has been 
made. 


In large well-managed freight houses, 
motor trucks are rapidly displacing the 
hand trucks, and the most economical 
method is the use of a motor car as trac- 
tor hauling after it a train of 7 to 10, 
four or six wheeled trailer trucks. This 
system has the advantage of flexibility 
of movement with no fixed routes, as in 
the case of carrier or telpher systems, in- 
volves no structural changes to the house 
and entails comparatively small invest- 
ment. 


Where average trucking distance is in_ 


excess of 100 feet, there is decided econ- 
omy in the introduction of tractors and 
trailers if the amount of business justi- 
fies the expenditure. In many instances 
their introduction in large freight houses 
has resulted in a saving of from 30 to 
50 % in the cost of trucking. 

The use of trailers, instead of motor 
cars operated as single independent units 
where sufficient equipment of trucks is 
provided gives greater flexibility and fa- 
cility of distribution. The tractor taking 
a train of loaded trucks drops them at 
destined car, or place in warehouse and 
collects empty trucks for delivery to load- 
ing points. 

Where any considerable piling is to be 
done, inclined elevating conveyors or a 
portable trucking elevator worked by 
storage battery or direct electrical connec- 
tion can be used profitably. 

At transfer stations where the freight 
consists mainly of packages that are fairly 
uniform in size and shape, and the volume 
is considerable, movable platforms have 
been successful. . 

The rapidity of trucking with power 


trucks tends to speed up the work of load- 
ing, unloading and stowing freight. 

The New York, New Haven & Hartford 
Railway, have installed a system of hand- 
ling L. C. L. freight by tractor and trailer 
in their outbound houses at Boston, 
Mass., the outstanding feature being, that 
the haul rarely exceeds 100 feet. 

The system is at present used in two of 
the largest of their five outbound houses, 
each of which is provided with 52 doors 
on the receiving or driveway side, and 
20 doors on the loading or track side, so 
that freight unloaded is handled through 
the 20 rear doors. 

Under this system cars for a certain 
destination are always spotted at the same 
location, and directly across the house 
from the doors assigned for the receipt of 
shipments for that particular destination, 
thus securing a direct haul, into proper 
car; thereby avoiding all confusion and 
congestion resulting from crossing traf- 
fic. 

Prior to the installation of tractors and 
trailers, freight as received was dropped 
on the floor by teamsters, checked by re- 
ceiving clerk and bill of lading signed. 
It was then necessary to move freight 
back into the house to await rechecking 
and loading, in order to keep doorways 
clear; this was done by doormen with 
hand trucks, then the loading into cars 
was done by trucking gang after recheck- 
ing of shipment against shipping order. 

As two distinct operations were involv- 
ed in this method and much time lost by 
having to move freight back to the centre 
of the house and also delay in delivery of 
shipping orders to billing department, it 
was decided to try the drop truck method. 

Under this plan four wheel trucks were 
provided ‘and placed at the receiving door- 
ways, teamsters being required to unload 
direct to trucks thus keeping freight off 


i paded (nae were then 
igned car by laborers. 


aS noon, when a heavy run of freight was 

- offered to keep the floor free of “freight, 

" consequently it was decided to replace 

man power trucks with tractors and 

‘ é trailers, and these were placed in service 
+ September 4921. 

Since the use of tractors and trailers it 

has been possible to keep the floor of the 

2 house free from freight and cost of hand- 

2 ling has decreased from 67 cents to 50 — 

ar cents per ton. 
a Because of the short haul sae absence 


of turn around platforms on the farther | 
side of outgoing ears, pushing rather than. 


hauling is the prevailing method. 

Although the traetor will turn in a car, 
the push method has been found expe- 
dient, as after pushing its load into car, 
it backs out and repeats, keeping busy 
all of the time in one part of the house 
or another, and stevedores unload the 
trailers and push them back into house. 
A driver and helper are on each tractor, © 
the helper makes the hitches and steers 
the trailer when being pushed. 

As an example of modern American 
practice in the design and operation of 
city freight terminals, a brief description 
is given of the New York Central Railway, 
new city terminal at Cleveland. _ 

The local freight business having out- 
prone its facilities, the company in 1948 
completed in a new location a modern 
comprehensive local freight terminal alti 
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car sections and one ten car section, 
making the total capacity of the oe 
tracks between the houses 224 cars. 
Eleven additional cars can be- placed — 
300 feet uncovered pli a 
form for handling automobiles and ten — 
more east of the island platforms for 
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The floors of platform and the first 
story are 1 1/8 inches carbolineum 
treated matched maple. In general, it is 
laid on a plank under floor bedded in a 
bituminous concrete. 

Longitudinal panel spacing in both 
buildings is 24 feet to correspond to an 
assumed car length of 42 feet, steel side 
posts support the island platform covers 
and are spaced 42 feet centres. 

Doors 9 x 9 feet are placed along the 
track side of inbound house in every 
second panel opposite the car door posi- 
tion. Along the track side of the out- 
bound house, where there is no platform, 
doors 9 X 19 feet are spaced every 
second panel. The wide doors are used 
to eliminate the necessity for close spot- 
ting of cars. The doors along the team- 
side of both houses are 9 x 9 feet. All 
doors are of the rolling steel curtain type. 

Seven electric elevators, one 9 X 22 
feet 10 ton, five 8 1/2 x 14 feet 6 ton, 
and one 8 X 9 feet 5 ton, equipped with 
car gates and electrically operated land- 
ing gates, are installed in the inbound 
house. Doors are provided generally on 
opposite sides of shafts to avoid inter- 
ference with in and out movement of 
trucks. The elevators are located with 
specific reference to the trucking bridges. 
Structural provision has been made for 
seven more elevators in the inbound 
house to be provided when the additional 
stories are added. 

Twenty-four 6 x 8 feet 6 ton auto- 
matic dial platform scales are provided 
in the outbound house and six in the 
inbound house. 

Automatic sprinklers are provided in 
the offices, and numerous fire hydrants, 
etc., with hose in the houses. 

A private branch telephone exchange 
gives ~ automatic inter-communicating 
service to nearly 100 points in the offices, 


houses, on platforms and in. the yards. 

The offices with which the public 
deal have been conveniently located with 
sub-offices at convenient points in the 
plant. 

A pneumatic tube installation between 
the outbound checkers booth, foreman’s 
offices and proper department of main 
office permits more rapid transmission 
of bills than the usual messenger service. 

A cold room for protecting perishable 
freight held for shipment or delivery is 
located on the first floor of the inbound 
house, the temperature of which is regu- 
lated by an eight ton refrigeration plant, 
and above this is an ice storage room 
containing ice, primarily for icing cars. 

The length of the house was deter- 

mined by the possibilities of the ground 
and the conclusion that this was the 
greatest length that could be efficiently 
operated. A prime necessity of econo- 
mical and rapid freight handling in a 
big terminal is the ability to switch cars 
in‘and out promptly, - this terminal has 
been designed with special reference to 
this feature, the track arrangement per- 
mitting the house und team yards to be 
switched at the same time without inter- 
ference. 
--Tracks are on the street level, with the 
floors of houses, and platforms at the 
height of car and auto truck platforms. 
Platforms are well lighted artificially 
and plug boxes for extension cords are 
placed at each car for use when needed. 
On each platform at each bridge is dis- 
played a prominent yellow marker light 
to indicate to employees the location of 
the nearest bridge. Blue lights through- 
out indicate fire protection equipment, 
the bascule bridges are automatically 
signalled with red and green lights. 


Team yard. — Separate outbound and 
inbound team yards are provided, the 
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tracks having an average capacity of 
20 cars, permitting easy switching. The 
team driveways have a clear width of 
40 feet, permitting the largest truck to 
stand backed up without blocking the dri- 
veway. Brick team track offices 20 x 
35 feet in plan have been provided in 
both the outbound and inbound yards. A 
9 xX 20 feet 20 ton auto scale is to be in- 
stalled in connection with both yards. A 
gantry crane electrically operated with a 
25 ton main hoist, and a 5 ton auxiliary 
is installed. 

Three plans of this terminal are attach- 
ed (figs. 1 to 3), the first being a general 
plan of the houses and team track, the 
second a first floor plan of the freight 
house proper, and the third a cross sec- 
tion through the freight house looking 
toward; the head house. 


Operation. — The operation naturally 
divides itself into two classifications : 

1° Outbound freight received for ship- 
ment; 

2° Inbound freight shipped in for local 
delivery. 


Each of these, as they differ materially 
will be treated separately. There is also 
a small amount of transfer freight hand- 


led from inbound cars to outbound cars 


for forwarding. 


Staff. — The staff consists of a gen- 
eral foreman and assistant foreman for 
each shed, with route clerks, checkers 
loaders, tractor operators, freight hand- 
lers and stowers for the outbound shed 
and delivery men, tally men, pilers, cal- 
lers, freight handlers, ete., for the in- 
bound shed. 


Outbound. — A driver with freight for 
shipment goes with his shipping bill 


first to any one of the three route clerks, 
located in special booths at the end and 
centre of the house. These clerks mark 
the shipping bill with the route and spot 
number of cars in which freight will be 
shipped,-and indicate to teamster the door 
of freight house at which it is to be deli- 
vered. These clerks are experts, and the 
handling of routing by them relieves the 
receiving clerk, prevents errors and saves 
time as the teamster knows exactly where 
to deliver his freight. 

The checker and gang receiving freight 
generally load it direct from wagon to 
four wheel trailers, chalk on it the car 
spot number, weigh it on automatic dial 
scale adjacent to the door and shove trai- 
lers out into aisle where they are grouped 
by another man in car and platform or- 


der to be picked up by a tractor. The © 


tractors, moving westerly in the house, 
pick up « trains » arranged in car order 
for one-platform, move around the end of 
the house or over a trucking bridge to the 
designated platform and drop the trailers 
at the proper car. Moving on, they pick up 
empty trailers, returning them to the 
various doors for loading. The crew of 
the tractor consists of a motor man and 
brakeman, who looks after the coupling 
and uncoupling of the trailer. This 
extra man has been found fo speed up 
operations. 

All the stowers on a platform work in 
one gang under the supervision of a head 
stower, who is responsible for the proper 
loading of cars. By means of the fele- 
phone installation, the head stower 
promptly notifies the foreman’s office of 
fully loaded cars which in turn notifies 
route clerks and checkers, thus avoiding 
back hauling of freight and consequent 
confusion. 

Checkers, as soon as a loaded truck 
has been taken off the house floor by the 
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tions 1 to 4 are allotted to freight for 
firms whose business is regularly large 
enough to justify such assignment. These 
spaces are permanently marked by appro- 
priate signs. Sections 5 and 6 are ar- 
ranged alphabetically for smaller and 
miscellaneous consignees. Freight for 
a given shipper thus goes always to a gi- 
yen destination. Freight arrives in 
many and various shipments, and as it 
js impracticable to place these in any pre- 
determined order, long hauls are the rule. 
Under this condition hand trucking was 
very expensive and tractors and trailers 
have been substituted with markedly good 
results. 

“Trailers are loaded to capacity at the 
cars with freight for one consignee if 
possible, otherwise for one section. They 
are put in trains, pulled into house by 
tractor and dropped off at main aisle 
nearest the proper pile for unloading. 

When the size of a shipment or several 
shipments for one consignee justifies it, 
freight is unloaded from trailers to 42 xX 
60 inch lift platforms, which, when de- 
livery is to be made, are taken by special 
lift trucks to freight house door. The 
use of these platforms and lift trucks 
saves handling and results in conside:- 
able cconomy. 


Special problems. — As mentioned 
above, special problems and difficulties 
arise when it becomes necessary to esta- 
blish substations for the collection and 
distribution of freight in the same city, 
involving as it must, transfer of freight 
to different cars at some central point in 
order that it may be properly loaded for 
the road haul or sorted for delivery. The 
question is often further complicated by 
the necessity of transferring freight to 
connecting line stations. The problem 
has been solved in an interesting manner 


in Cincinnati. A large percentage of the 
tonnage of L. C. L. freight coming into 
Cincinnati is for transfer to connecting 
lines or to substations for delivery. Prior 
to 1919 this business was handled by 
horse-drawn drays, ordinary motor 
trucks and trap cars, that is, ordinary 
railway freight cars used for the transfer 
of L. C. L. freight between different rail- 
ways in the same city. This meant in 
the case of freight moved by horse-drawn 
or motor vehicles unloading from car to 
floor of inbound house, loading in vehi- 
cle, unloading to outbound house and re- 
loading into cars; in the case of trap cars, 
unloading from road car into trap car, 
switching of trap car, and reloading from 
trap to road car. The average time of 
transfer was 2.6 days and the cost was 
high. 

In 197 the Cleveland Cincinnati, Chi- 
cago & St. Louis Railway made a test in- 
stallation between its main and five sub- 
stations of a system of motor truck trans- 
portation utilizing detachable bodies, and 
in 1919, after a study by other roads, the 
system was installed to serve all main and 
substations in the city. 

Incoming freight destined for a con- 
necting line or substation is unloaded di- 
rectly to an empty demountable truck 
body carded for that particular connection 
or substation; when fully loaded body is 
transferred to truck by means of an over- 
head trolley and taken to destination; at 
destination body is lifted from truck and 
deposited on floor of outbound house and 
contents loaded directly to cars. 

The trucks operate- under telephone 
orders of a central despateher who is kept 
constantly advised of the loaded bodies 
available for transfer. In this way, 
empty movement of trucks is kept at a 
minimum. 

The apparatus for handling the bodies 
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at the freight station consist of an elec- 
tric hoist travelling on overhead rails. 
The hoists pick the body. from the truck 
and move along the overhead rails into the 
freight house (with the body suspended), 
and when in position it is deposited on 
the floor. At comparatively small ex- 
pense, existing structures were adapted to 
the installation. 

The average cost of transferring freight 
prior to this installation was $1.72 per 
ton, compared with the present cost of 
$1.33 per ton which cost makes allowance 
for interest and depreciation on capital 
invested in motor trucks, demountable 
bodies and overhead structures as well as 
operating cost. Besides a saving of.39 
‘cents per ton, there is a considerable re- 
duction in the handling cost in both the 
outbound and inbound sheds, as well as 
a reduction in average time from 52 to 
10 hours. The capacity of the freight 
houses and tracks has also been increased 
by the rapid movement of freight and the 
making of the trackage formerly occupied 
by trap cars available for road cars. 

An extension of the same idea has re- 
cently been put into effect by the New 
York Central Lines in its services be- 
tween Chicago and Cleveland for the pur- 
pose of developing the transportation ad- 
vantages to be derived from the handling 
of less than carload merchandise freight 
in containers. 

The containers are of two sizes, inside 
length 14 ft. 2 in. width 7 ft. 4 1/2 in., 
height: 7 ft. 7 8/8 in., capacity 7000 Ib. 
and inside length 6 ft. 7 in. width 7 ft. 
1 1/2 in., height 7 ft. 7 3/8 in., capacity 
3500 Ib. They are of steel frame con- 
struction and at each corner have a heavy 
hook for handling between truck and car. 
Special railway cars have been designed 
for the transporting of these containers, 
each car carrying three of the large con- 


tainers or any combination in which each 
large container is replaced by two small 
ones. Bodies are loaded by merchant: at. 
warehouses, transported by truck to rail- 
way yard, transferred to specially design- 
ed car by crane, rail hauled, unloaded by 
crane to motor truck and hauled to con- 
signee. For trial, existing gantry cranes. 
and team track facilities have been used, 
but an extension of the system would re- 
quire special facilities or at least a re- 
arrangement. 

A summary of the advantages to be had 
by the use of the container is as follows : 


a) It will furnish a means of expediting 
delivery of less than carload lots of com- 
modities by eliminating the time and ex- 
pense of rehandling, checking and truck- 
mg : 

b) It will eliminate costly crating and 

packing; 
_c) The immediate loading and unload- 
ing of containers at the terminal point 
eliminates the item of demurrage, at the 
same time promptly releasing. rolling 
stock, clearing the yard of cars and reduc- 
ing congestion; . . 

d) It will eliminate the piecemeal load- 


ing of cars at railway sidings in exposure 


to all kinds of weather; 

é) It will tend to keep the car moving 
at all times, making possible double the 
mileage as made by an ordinary piece of 
rolling stock; 

f) Containers are fire-proof, weather- 
proof, and burglar-proof, in that they 
cannot be opened while on the car or 
while being transferred by handling de- 
vice, to and from ear. 


English practice. — In the treatment 
so far given the subject, only American 
methods and practice have been dealt 
with. English transportation practice 
differs in many important details from 
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American, and these differences necessi- 
tate separate treatment of the terminal 
problem. 

The most -striking dissimilarity as 
seen in the freight itself and in the design 
and capacity of the freight cars. It has 
been said that the freight traffic in 
England is retail in character, while 
that of America is wholesale. 


The English merchant because of his 
nearness to. the sources of supply and 
the expeditious service of the railways 
is not accustomed to carry large stocks 
of goods. - The services of the railways 
are such that goods ordered one day, 
are delivered at his door the next mor- 
ning. They find they can rely upon rail- 
ways for good service which equals that 
of express companies in America, and 
this has the effect of forcing the railways 
to handle a large volume of small pack- 
ages and a relatively small number of 
earload shipments. 


The second important difference be- 
tween the British and American freight 
service lies in the British practice of col- 
lecting and delivering freight. In Great 
Britain there are no express companies 
as known in America, and instead the 
horse-driven or motor vans of the rail- 
way companies call at the consignor’s 
warehouse for the freight to be shipped, 
and at destination, deliver it at the door 
of the consignee. The freight rates 
include the cartage at both points, but 
the shipper has the option of doing his 
own carting and paying a lower freight 
rate. Generally speaking, however, the 
railways do practically all of the cartage, 
except in the case of certain bulky or 
dead freight. 

In the collection of freight to be des- 
patehed in trains, the British roads fol- 
low methods quite similar to those of the 
express companies of America. © Each 


railway has a distinctive card which it 
distributes to shippers and which is dis- 
played when freight is to be called for 
by the railway vans. Or the shipper may 
telephone or otherwise request the rail- 
way to send its van. When freight is 
offered for shipment, the consignors 
make out the consignment note (corres- 
ponding to American shipping order ) 
and when it is accepted by the driver of 
the van the responsibility of the railway 
begins.. The freight is checked by the 
driver against the consignment note; it 
is again checked when unloaded from the 
van to the platform at the freight station, 
where the goods are weighed and finally 
checked once more when loaded from the 
platform into the cars. 

The freight « wagon » of Great Bri- 
tain runs on four wheels (two axles) and 
the great majority have a capacity of 8 to 
10 tons. Larger cars are used, many of 
90 tons, and a few with a capacity of 
30 tons. The small car is the result and 
not the cause of the retail character of 
the freight service. Even if larger cars 
were available and would clear struc- 
tures, it would be a long time before 
their capacity could be utilised, and the 
road to begin a campaign of educating 
shippers to the economic necessity of 
holding cars for full loads would suffer 
in-competition with the road adhering to 
the small cars and sending it forward 
on schedule whether filled or not. Asa 


“matter of fact, it seems impossible now 


to get a full load in their eight ton cars; 
the average car load is small, usually 
about 2 or 3 tons, and efforts to obtain 
more loading would adversely affect the 
regularity and speed of trains the two 
factors in which competition is keenest. 
Such efforts would also reduce the num- 
ber of through cars to small branch line 
points or junctions, increase the percent- 
age of shipments transferred and other- 
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wise tend to curtail privileges of long 
standing, brought about by competition 
in service. 

It may be argued that while the reason 
just mentioned applies to merchandise 
freight it has not the same force in its 
application to the transportation of dead 
freight, such as coal. But here again, 
there are retail influences which restrict 
the carload. According to an official 
statement made a few years ago the 
average consignment of coal is 17.5 tons. 
Eight percent of the coal shipments are 
less than 20 tons, and many are as small 
as 2 tons. These instances will show 
that in order to make the larger car pro- 
fitable, it would be necessary first to 
revolutionize the British system of sales 
and distribution, and until something of 
that nature is accomplished the 8 and 
10 ton ears will continue in use. Some 
of the companies are experimenting with 
larger cars, but in using them another 
practical difficulty is encountered, in 
adapting the scales, chutes, and other 
loading facilities, as well as trestles and 
unloading arrangements at destination. 
These were all designed for a smaller 
car and will not permit the use of the 
larger car without extensive alteration. 


The following description of a London 
Terminal is taken as typical of English 
practice and shows how the special pro- 
blem of an exceeding dense traffic in a 
limited space is handled. The terminal 
described is that of the London & /North- 
western Railway al Broad Sireet. The 
material is taken from Findlays « The 
working and management of an English 
Railway ». 

The Broad Street Station is the City 
depot and is right in the heart of Lon- 
don. Land being extremely valuable, 
the line is carried during part of its 
course by means of bridges and viaducts 


at high elevation, in some cases over the 
tops of houses, and thus reaches its ter- 
minus at a point considerably above the 
level of surrounding thoroughfares. 


The passenger station having been 
built on arches, the railway took advan-- 
tage of the situation to provide themselves 
with an extensive freight station in the 
busiest part of the city without the enor- 
mous expense of taking land for that. 
purpose. The freight traffic is handled 
in the arches under the passenger sta- 
tion, freight cars being moved on ele— 
vators from one level to the other. All 
along the front of these arches fourteen 
in number, and including some space 
beyond them which has been covered in, 
an unloading platform has been erected. 
Each arch measures 340 feet in length 
and 32 feet in width. The length of the 
platform is 430 feet and its width 45 feet. 
From the main unloading platform and 
at right angles to it are narrow platforms 
12 x 240 feet, with a track on each side, 
extending through each arch. These 
tracks are connected with a cross line by 
small turntables, by means of which cars 
are turned and taken to elevators. 


On the farther side of the arches some: 
additional space has been acquired on 
the street level to form an open freight 
yard, on one portion of which a lofty 
warehouse has been erected for the sto- 
rage of goods awaiting delivery or to be: 
held in transit. 

Traffic arriving from the country for 
delivery in London is called « up traf- 
fic ». That sent from London is known 
as « down traffic ». The « up traffic » 
consists largely of provisions for sup- 
plying the early markets with fish, meat, 
poultry, butter, eggs, and other perish- 
able commodities which have to be deli- 
vered as early as 4 a. m., also general 
merchandise purchased from manufactu— 
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rers in the province the previous day and 
expected to be in the city warehouses by 


“9a.m. This part of the business is con- 


ducted in the warehouse, the ground 
floor of which is staged so as to form a 
platform upon which the goods can be 
sorted and transferred from the cars to 
the street vans. This platform is open 
on both sides so that vans may be backed 
up to it on one side and the freight cars 
run in on the track on the other side. 
The invoices (waybills) are passed 
through the delivery office where each 
is entered in a book, stamped with the 
progressive number, timed as to arrival, 
checked as to the correctness of rates and 
extensions and is then passed to a mark- 
ing clerk who marks against each entry 
on the invoice the position of the freight 
on the platform. 

The whole of London is marked” out 
into districts, each of which is designated 
by a letter and number, and the platform 
is divided into sections to correspond 
with these districts. When the invoice 
is marked by the marking clerk, it is pas- 
sed to other clerks who extract from it 
and enter on the carman’s delivery sheet 
end finally taken in the vans to their 
destination. The « down » or outward 
traffic is handled in the arches. During 
the day, the tracks alongside the platform 
are filled with empty cars into which 
the goods are loaded as they come in 
during the afternoon and evening. As 
fast as the « up » goods are unloaded 
at the warehouse platform the empty cars 
are transferred to the « down » arches. 
As the loaded vans come in at the gates 
they are placed in position for unloading 
on the platform. The shipping orders 
relating to each load are checked against 
the freight as it is unloaded and the 
freight is weighed on weighing machines 
stationed at regular intervals along the 


platform. Each arch is reserved for 
goods for certain stations or districts 
and as the freight is unloaded from the: 
van, the checker directs the truckers. 
where the freight should be trucked.. 
From the platform the goods, when depo- 
sited in the proper location by the 
trucker, are placed in the car by the 
loading gang, which consists of a 
checker, a loader, a caller-off, and two 
porters. When the goods are in the car, 
the consignment notes are taken to the: 
shipping office and from them the in- 
voices are prepared. The freight cars, 
when loaded (sheeted with tarpaulin 
covers), and marked, are run out at the: 
further end of the arches by means of 
ropes attached to hydraulic capstans. 
turned on turntables and elevated on 
hydraulic lifts to the upper level, where: 
in a group often long sidings and still 
by the aid of hydraulic capstans they 
are marshalled into trains and despatch- 
ed. The process of marshalling is 
facilitated by arranging the cars in the 
arches in train order. In some Cases. 
the vans are driven alongside the cars 
and the freight unloaded directly from 
van to car. 


Private sidings. 


Private sidings are those built off the 
railway company’s own property for the: 
exclusive use and convenience of one 
particular firm or company. Their 
arrangement presents mo special diffi- 
culty, and they will be very briefly 
treated. 

Their location is usually governed by 
the wishes of the company they are to 
serve and the convenience of the railway 
company. 

Almost universally they are installed 
at the expense of the applicant who is 
required to deposit the estimated cost 
before work is commenced. 
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The first placing of cars on the siding 
is usually done by the Railway Company 
free of charge while subsequent or inter- 
plant switching is charged for at cost. 

The arrangement for loading and un- 
loading cars are matters for the industry, 
the only concern of the railway being 
to see that it is done as quickly as pos- 
sible and that as heavy a load as possible 
is placed in the cars. These objects can 
be obtained only by personal appeal to 
the shippers and possibly in the case of 
the worst offenders by the placing of an 
embargo. 


Water Terminals. 


The conditions surrounding the trans- 
fer of freight between water and rail, 
or rail and water carriage, differ mate- 
rially from those at strictly rail termi- 
nals, and call for radically different faci- 
lities and methods of operation. 

The necessary facilities for a complete 
water terminal are : 


4° General yard; 
2° Lighterage piers, covered or open; 


3° Steam ship piers : 


a) Covered piers for package freight; 
b) Open piers for bulk or coarse 
freight; 


4° Grain elevators; 
5° Coal piers : 


a) Outbound; 
b) Inbound. 


1° General yard. — The requirements 
of a general yard at a water terminal do 
not differ materially from those of an 
inland terminal. It should havea receiv- 
ing, classification, and forwarding yard 
for outbound freight, and a classification 
and departure yard for inbound freight, 
together with the necessary engine facili- 


ties, ete. It should be arranged for the 
maximum ease of movement, advantage 
being taken of gravity switching to as 
large an extent as possible. 


2° Lighterage piers. — Lighterage piers 
are provided for the transfer of freight 
from cars to small harbor boats called 
lighters either as a means of transfer be- 
tween two terminals in the same harbor 
or between piers and ocean going ships 
when, on account of expense in construc- 
tion, it is impossible to provide wharfage 
for the larger vessels. The points to be 
considered in their construction, equip- 
ment and operation are not essentially 
different, except as regards size, from 
those to be considered in the design of 
steamship piers and separate treatment 
will not be given. 


3° Steamship piers, general freight. — 
The purpose of a steamship pier is two- 
fold, the first being to provide safe shelt- 
er to a ship while loading and unloading, 
and second, to afford an economical 
means of transfer of freight between land 
and water carriage. Only the second re- 
quirement will be discussed. 

The length of the pier should be such 
as to accommodate either one or two ships 
of the size ordinarily sailing from the 
port. Piers for one ship will range from 
600 to 800 feet in length and for double 
from 1 200 to 1400 feet. A very good ar- 
rangement is to place the sheds for pack- 
age freight on the inner end of a double 
pier, next to the bulk head, and reserve 
the outer end for open pier, on which to 
handle coarse materials. 

The water frontage of a. harbor is 
usually limited, and it is important that 
the space be used to provide as many 
piers as possible. For this reason they 
should be made as narrow as possible. 
On the other hand the conditions of ocean 
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shipment demand that ample space be 
provided for unloading a vessel without 
the delay incident to car supply and that 
the outgoing cargo be assembled prior to 
the berthing of ships to avoid delays in 
loading. 

These requirements call for a certain 
minimum width of pier and transit shed 
depending on the size of the vessel. The 
sheds should be of sufficient width to 
accommodate approximately the total bulk 
of cargo in a length the same as the vessel 
itself. Two-storied sheds are preferable, 
both from a working viewpoint and as 
providing storage for both outgoing and 
incoming freight without undue width. 

For piers designed long enough to dock 
two ships, the width must be greater to 
allow for through tracks serving the outer 
end. 

Cargoes in modern ships use from 10 
to 15 tons per foot of length, making the 
requirements as to width, 80 to 120 feet 
on each side of shed, and total width al- 
lowing for tracks of from 200 to 300 feet. 

When it is considered that the value of 
storage space in cars, taking value of car, 
value of land and value of tracks is from 
$8.00 to $10.00 per square foot, and the 
value in pier sheds is one-half to one- 
third of this, the advisability of providing 
proper pier storage for outbound freight 
is seen. 

The width of slips between piers is con- 
trolled by the necessity of free movement 
in and out of vessels. For piers of single 
ships length, the slip should provide 
room for a ship and coal barge lying 
abreast at each pier without crowding, 
and for one of two unit lengths enough 
extra width should be allowed to permit 
a vessel to move in and out. 

For ocean piers the slips of one unit 
length should be at least 300 feet and for 
two unit lenghts 350 feet in width. 


Ample trackage should be provided for 
the rapid transfer of freight, either di- 
rectly between vessels and cars, or be- 
tween transit area and cars. The first 
purpose is served by marginal tracks 
placed between the shed and edge of the 
pier. For short piers one track on each 
side is sufficient, but for longer piers 
two tracks per side should be provided 
and frequent crossovers arranged so that 
cars being loaded or unloaded at the in- 
ner end need not be disturbed by switch- 
ing to the outer end. Marginal tracks 
are best at floor level. 

For transfer between transit area and 
cars, depressed tracks in the centre of the 
shed are most convenient. For short 
sheds a double track serves, but for long 
sheds at least three tracks with proper 
crossovers should be built. 

The depression of the centre tracks 
should be sufficient to bring the car 
floor level with the main floor of the 
shed. 

When shed is of more than one storey, 
at least one track on the upper storey is a 
great convenience and should be provided 
where possible. 

The mechanical equipment of a pier 
of two or more stories, handling package 
freight, may be divided according to the 
work which is to be done, into four 
classes; 


4° Means of handling goods to and 
from ships; 

2° Means for handling goods from plac 
to place on the same floor; 

3° Means of handling goods -betwevn 
different floors; 

4° Means of piling or tiering freight for 
storage. 


4° The most important in the first class 
is the ships own gear, but this is not suf- 
ficient to work all hatches at the same 
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time, and for rapid work auxiliary means 
must be provided. The simplest meth- 
od is by means of cargo masts as used lar- 
gely in the Port of New York, Masts, ex- 
tending some 70 feet above the pier deck 
and spaced 20 feet centres are erected in 
line with the outer walls of the pier sheds, 
guyed back, and connected together at top 
by steel girders. To these girders, tackle 
is attached and goods hoisted and swung 
over ship’s side, either by means of ship's 
winches, or winches located in the freight 
house. More elaborate and more expen- 
sive in first cost are portal cranes, which 
move along the side of the pier. 

2° As in the handling of freight in 
freight houses, the most efficient method 
yet evolved is the motor tractor drawing 
a train of trailers. Where it is neces- 
sary or convenient to run the trailers on 
the ship a « gang plank booster » saves 
labor. This is a sprocket chain mecha- 
nically actuated running in a trough on 
the gang plank. The sprockets are so 
arranged as to engage a lug on the truck 
and carry it up the gang plank. The 
chain should be placed on one side so as 
not to interfere with the truckers return- 
ing. 

3° The most convenient and efficient 
way of handling between floors for gen- 
eral package freight are power operated 
platform elevators, although where there 
is uniformity in the size of packages, 
escalators for elevating, and chutes for 
lowering may be used to advantage. 

Chutes from the second stories of pier 
sheds direct to cardoors on lower floors 
are good if sufficient quantities of flour 
or other commodities of similar nature 
are to be handled. Chutes may also be 
used for loading direct to boats. 

4° Jt is important in transit sheds that 
space be utilized to the greatest possible 
extent. ~ This means the piling of freight 


and it is well-known that the cost of hand- 
ling mounts rapidly where packages have 
to be piled higher than a man can conve- 
niently reach. To meet this problem 
portable inclined conveyors and elevating 
platforms have been used with marked 
success. The inclined conveyor is suitable 
for piling small bundles and boxes and 
the elevating platform for heavier arti- 
cles. A type in use at Portland, Ore., 
will pile bales weighing 2000 lb. three 
tiers high. . ; 

At. a port doing a general import or 
export business, at least one open 
pier is necessary for the handling of 
coarse freight, such as lumber, structural 
steel, etc. It should be long enough to af- 
ford berthing space for the vessels which 
use it, and wide enough to afford ample 
storage for both inbound and outbound 
cargoes. The mechanical equipment will 
vary according to the class of material 
to be handled, ranging from piers with- 
out equipment and depending entirely on 
ships tackle for loading, to those furnish- 
ed with gantry cranes, spanning the whole 
width. 

Of these the bridge type with locomo- 
tive crane operating on rails overhead is 
to be preferred to the under-slung type. 
In addition, it is often of advantage to 
install a stationary crane or derrick of 
capacity up to 100 tons for handling very 
heavy articles. This should be of the re- 
volving style so that certain articles can 
be unloaded and stored. The open pier 
may be also used to advantage in unload- 
ing and loading directly from box cars. 

Where space on pier is not sufficient 
for proper storage, warehouses are pro- 
vided behind the bulkhead for goods 
awaiting shipment. 

The means of transfer from these ware- 
houses to transit sheds on piers, varies, 
but the one offering the most advantages 
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is by tractors and trailers, a passage gen- 
erally being provided from the second 
story of the transit shed to the second 
story of the warehouse and in modern 
installations supplemented by ample ele- 
vator service. 


If the freight to be handled is uniform 
in size and weight, a system of belt con- 
veyors from warehouse to ships side may 
be used. The belt conveyor has been used 
with success for the handling of coffee in 
sacks. The sacks are brought from 
warehouses set 360 feet from the pier, 
and loaded at the rate of 2000 two 
hundred pound bags per hcur. The con- 
veyors extend in tunnels longitudinally of 
the warehouse, deliver to cross conveyors 
which extend to conveyors on brackets 
outside the sheds; these deliver in turn to 
conveyors on movable bridges extending 
over the side of the ship and delivering to 
the ships deck, from where the coffee is 
run by chutes to the hold. The only labor 
required is a few men at the transfer 
point to straighten the sacks as they pass. 


Grain elevators. — With the exception 
of coal, the greatest advance made in the 
mechanical bulk handling of any commo- 
dity has been in the transportation of 
grain. It is handled mechanically from 
the time it leaves the farmers wagon at a 
wayside station until its form is finally 
changed in the mill. This has been due 
to the enormous quantity to be. handled, 
and to its flowing qualities. 

Throughout the grain preducing dis- 
tricts, every wayside station has its grain 
elevator for storage and trans-shipment. 

The producer drives his wagon loaded 
with grain into the elevator and dumps it 
into receiving bins; from the receiving 
bin it is elevated by bucket hoists or 
endless chain bucket conveyors to storage 
bins, from whence it is chuted by gravity 


to cars. These local elevators have faci- 
lities for weighing the grain as delivered, 
and also for drying and cleaning it if ne- 
cessary. Their capacity ranges from 
2000 to 10000 bushels depending upon 
the importance of the shipping point. 

On the arrival-of the car at a terminal 
or transfer point, it is run into a shed 
and unloaded into a depressed bin. As 
grain is almost invariably shipped in box 
cars, the unloading process has been one 
of the controlling features in the speed 
of operation. In the older elevators, the 
grain door is removed by hand; a certain 
amount of the grain flows out by gravity 
and the remainder is either shovelled out 
or removed by large scoops operated by 
block and tackle and guided by hand. In 
the more modern elevators box car dum- 
pers are used. 

The operator, by means of a car puller, 
places the car on the platform where it is 
secured by means of electrically operated 
end and side clamps. As soon as secur- 
ed, the grain door opener comes into oper- 
ation, pushing in and raising the door in 
one movement (the outer car door having 
been. previously opened). | When the 
grain door has been fully displaced, the 
platform, with car attached, is titled side- 
ways 30° and rocked 45° longitudinally, 
first in one direction, then in the other, 
then back to level, when, all grain having 
been dumped, clamps are released and 
empty car displaced by the next loaded 
one. 

From the time the first motor oper- 
ating the clamps is started until the car 
is again ready to move, the whole process 
is automatic, the completion of one oper- 


‘ation starting the motor controlling the 


following. By means of this device, one 
man can empty cars at the rate of eight 
per hour. ‘ 

As the grain is unloaded into the re- 
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ceiving hopper, it is elevated to the top of 
the house and conveyed by belt conveyors 
to the bin in which it is to be stored. 

When the time for reshipment arrives, 
the grain is run from the bottom of the 
bins by belt conveyors to elevator, elevat- 
ed to top of house and chuted directly 
into cars or run by belt conveyors operat- 
ing in galleries along the pier and chuted 
into the holds of vessels. 

At points where grain is received in 
boats and is to be stored or transferred 
to cars, what are known as marine towers 
are provided. These towers are generally 
in the neighbourhood of 150 feet high, 
are built of structural steel and operate 
up and down in front of the elevator 
under their own power. In connection 
with the marine towers are marine legs 
enclosing bucket conveyors which are 
lowered into the holds of vessels, pick up 
the grain, transfer it to the marine tower 
which in turn elevates it to the top of 
the bins. 

The practice is to provide in connection 
with grain elevators, reinforced cylin- 
drical concrete storage bins approxi- 
mately 25 feet in diameter and 100 feet 
high. 

Facilities for drying, cleaning and 
grading, in addition to those for weighing 
are provided. 

Ample track capacity for receiving, 
storing and handling both, loaded and 
empty cars should be provided. 


Coal piers. — Coal piers are divided 
naturally into two classes; first those at 
which coal is transferred from cars to 
boats, and second, those at which the 
transfer is from boats to cars. The two 
processes differ widely and require plants 
of altogether different characteristics. 

The first, or from car to boat, is a com- 
paratively simple process, and with 


proper facilities, the cost per ton can be 
reduced to a fraction of a cent. The 
methods of handling vary from simple 
elevated trestles, on which cars are run 
and dumped through a chute to boats, to 
very elaborate plants at which cars are 
elevated and dumped by machinery, into 
bins. 

The extent of the plant and elabora- 
teness of the equipment depends on 
whether the volume of the business jus- 
tifies the capital expenditure to insure a 
low operating cost. 

The extent and variety of mechanical 
equipment that has been developed for 
this trade can best be shown by short 
descriptions of some of the recently con- _ 
structed plants of American railways on 
the Atlantic seaboard. 

As typical plants, differing essentially 
in one or more features of design, the 
Central Railway of New Jersey at Jersey 
City, the Baltimore & Ohio at Curtis Bay, 
and the Pennsylvania Railway at Canton 
have been taken. 


Central Railway of New Jersey at Jersey 
City. — The plant is approached through 
a series of yards a mile in length, consist- 
ing of a receiving and advance yard which 
serves two gravity yards each of which 
serves independently a car dumping unit. 
There is also a yard for the assembling 
of empty cars. 

The pier, as at present constructed, is 
970 feet long, but it is intended to extend 
it to 1585 feet, and provide 21 pairs of 
circular reinforced concrete tug coaling 
pockets. 

The normal width of pier is 126 feet; 
tapering to 66 feet near the outer end, 
and flaring to 184 feet near the bulkhead 
to facilitate track layout. It is built on 
creosoted piling and has a reinforced con- 
crete deck with heavy concrete founda- 
tions for dumpers, etc. 
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Two dumpers are provided, one on the 
north side 300 feet from the bulkhead 
and one on the south side some 300 feet 
farther out. 


As the track layout and dumpers are 
practically identical, only the one on the 
north will be described. 


Track layout. — The grade from the 
advance yard to the bulkhead line is 1 % 
down, allowing cars from the advance 
yard to approach by gravity; from there 
to the floor of the car dumper, the grade 
is 12 % up, cars being elevated by cables. 
The floor of the car dumper is level, and 
is followed by 'a down grade of 11 %, 
and a «kick back» grade of 18 % on 
which the movement of cars is reversed 


to the return track with a down grade ' 


towards the bulkhead of 1.5 %. 

The car dumper consists of a steel 
tower in which is located the cradle where 
the car is clamped, elevated and dumped. 
The cradle is designed to handle various 
sizes and types of coal cars of width up 
to 11 ft. 6 in.; heights of 6 ft. 6 in. to 
13 feet and length over couplers of 54 ft. 
4 1/2 in. with a maximum gross weight 
of 280000 Ib., including tare of car. 
Steam power is used to operate the cradle 
and haulage car, and electric power to 
operate the pan, chute, screening con- 
veyor and boat haulage. 

The cars, after coming on the cradle 
are elevated and dumped into a steel pan 
of 100 tons capacity, and from this pan 
coal is loaded into boats by means of 
telescopic chutes. For barge loading, the 
pan may be placed in a lower position, 
but for very high steamers its position 
will require, that the car be elevated as 
much as 30 feet before it is turned over. 
Provision is also made for raising and 
lowering the outer end of the pan to clear 


masts of vessels while being moved, and 
to change its inclination to the minimum 
degree for handling various grades of 
coal. To facilitate the unloading of the 
pan, elaborate provision is made for boat 
haulage by cables controlled by electric 
motors. 


Operation. — After a car is released 
from either of the gravity yards by its 
rider (who remains with it until it is re- 
turned to the empty yard), it is located 
over the haulage pit by gravity, then pull- 
ed up the approach grade to the dumper 
by haulage car operated by steel cables; 
when the car reaches the platform of the 
cradle, it pushes the car which has just 
been dumped down the run-off grade. 
When delivered on the platform of the 
dumper, the car is first shifted horizon- 
tally until it is held between the wooden 
buffers on the sides, then lifted verti- 
cally until the clamps which hold it in 
place are actuated by a contact with them, 
the car and cradle are then raised and 
contents dumped into the pan. It is then 
brought back to its original position in 
the cradle, displaced by another car, 
started down the run-off grade, and re- 
turned by the « kick back » to the return 
track and by gravity to the empty yard. 

The cars are pushed up the approach 
grades to the dumper by a machine 
known as a «barney». This is a small 
specially constructed car hauled by cables 
attached to a hoisting engine. It runs on 
a depressed track between the main rails, 
and by means of a movable arm, which 
raises up and engages the car when the 
« barney » starts, pushes it up the incline. 
There is pit at the foot of the grade into 
which the « barney » drops while the coal 
ear is being placed. 

The capacity of the plant is 400 cars 


per day. 
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Baltimore and Ohio Plant at Curtis 
bay. —— The railway at this point had two 
conditions to meet; it desired to load large 
ships quickly, and at the same time 
handle small shipments for local vessels 
of all types without interfering with the 
larger operation. The Company there- 
fore decided on a system of belt con- 
veyors, travelling towers, which the con- 
veyors mount, and cross conveyors on the 
towers. With this system 7000 tons of 
coal per hour can be handled. 

A receiving yard is provided, and ahead 
this an advance yard with a thawing 
house. Cars are pushed over the hump 
from the receiving yard to the advance 
yard which is on a 1 % down grade, 
and from that point no locomotives 
are required except to remove cars from 
the empty yard. With brakes released, 
the cars run down to the foot of the in- 
cline where a « barney » hauls them up 
an 11 % grade to the car dumper, about 
40 feet above the foot of the incline. 
After dumping, they run down a grade 
on the far side, up another steep grade 
where their movement is reversed, and 
back down a 1 % grade on a track pass- 
ing outside the dumper to the « empty » 
yard. 

Two separate and independent dumpers 
are installed, fed from the same yard and 
feeding the empty cars back to the same 
yard. 

Each car dumper empties into a lower- 
ing bin, a hopper under which supplies 
three short feeder belts. Two of these 
from each dumper feed the main 60 inch 
loading belts, which pass the full length 
of the pier. The third delivers to 
another conveyor carried on an inclined 
bridge. The lower end of this bridge 
pivots at the discharge end of the short 
conveyor, while the support near the 
centre travels on the are of a circular 


track, so that the conveyor can be dis- 
charged at any desired point, into what 
is called the balancing bin at the shore 
end of the pier. Thus, there are four 
60 inch loading belts, and over them a 
large balancing bin, fed from two con- 
veyors on two inclined rotating bridges. 
From the balancing bin end bed by it, 
run two more belt conveyors, one on 
either side of the main belts on the edge 
of the pier. These are 42 inches and are 
known as the trimming belts. 

Corresponding to each of the main 
belts is a loading tower. These are 
similar, being travelling bridges spanning 
the main belts and carried on a track 
system between the loading and trimming 
belts. Each tower, however, takes coal 
from one belt only. An incline at the 
shore side of the tower takes the belt up 
and discharges it upon a cross conveyor 
or shuttle ram on the bridge, the empty 
main belt then doubles back and passes 
under the tower, out to the end of the 
pier and back to the dumper. 

The cross conveyors on the tower have 
three kinds of motions. The belt can be 
run in either direction to load ships on 
either side; the conveyor frame can he 
moved longitudinally so that the belt will 
discharge 35 feet beyond the side of the 
pier and it can be raised and lowered 
within a range of 27 feet to conform to 
the height of the vessel, the incline of 
the main belt being altered accordingly. 

In a similar manner, each trimming 
belt serves a trimming tower, there being 
one on a special track on each side of 
the pier. The belt passes up an incline 
on the tower and discharges into a 
hopper, which in turn feeds a conveyor 
on a swinging boom. The name of the 
trimming tower tells its purpose. 

The object of the balancing bin is also 
implied in its name. Normally the bulk 
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of the coal is handled by the main load- 
ing belts. During the movement of a 
tower from one hatch to another, coal can 
be diverted to the 5 000 ton balancing bin 
and the dumping of the cars need not 
stop; conversely two of the main belts 
can be fed from the bin in case the car 
dumper is not working. 

- With 12 men one unit will load a 
7000 ton ship in 3 1/2 hours. This 
compares with 7 1/2 hours at the old 
trestle. More than one unit, however, can 
. work on a ship as each tower has a range 
of the whole 700 feet pier except at the 
ends where the 35 feet width of each 
limits the travel. 


Pennsylvania plant at Canton. — This 
plant combines car dumpers, four ton 
cable cars and travelling loaders on the 
pier. It is designed to serve vessels and 
barges of every sort in the coastwise 
trade. 

The yard and car dumping arrange- 
ment is somewhat similar to that describ- 
ed in the Baltimore & Ohio system, except 
that it is on a smaller scale and only one 
car dumper is provided. The dumper 
hopper feeds into four ton cable cars tra- 
velling on an endless narrow gauge track. 
The cars are hauled up a 6.72 % grade 
to a high steel superstructure in the 
centre of the pier, they pass to the outer 
end of the pier back, and down an incline 
to the starting point. In transit they can 
be made to deliver their coal to any of 
the three travelling loaders that constitute 
the second distinctive feature of the 
system, or deliver it into any of the 
bunkers provided at the outer end of the 
pier on the south side. 

The loaders are machines moving along 
the pier on a two rail track and carrying 
a hopper and chute delivering into the 
holds of the vessels. ~ 


There are two loaders on the north side 
and one on the south side, in addition 
to the weighing loader which travels 
along under the pier bunkers. The 
loaders are all of somewhat different 
design to suit different types of boats. 
Number 4 is the largest and intended to 
serve the largest class of vessels. It has 
a hopper of 40 tons capacity and is 
equipped with a pan conveyor and mov- 
able arm, so that the coal can be made 
to go either up or down as required. It 
has a reach up of 34 feet and will go 
over the side of the ship 56 feet above 
water level. 

Numbers 2 and 3 have smaller hoppers 
and gravity chutes. Number 4 is the 
weighing loader. It receives its coal from 
the pier bunkers, of which there are 10 
of 75 tons capacity each. This loader has 
a 10 ton hopper and is equipped with a 
conveyor. 

The pier is 1600 feet long and 66 feet 
wide. The present capacity of the plant 
is 1500 tons per hour. By the addition 
of more cable cars, this can be doubled 
without changing any of the other units. 


Transferring coal from boat to storage 
or cars. — The transferring from boats 
presents a harder problem but one which 
has been solved in an infinite variety of 
ways according to the local conditions, 
amount of capital available and expendi- 
ture justified to attain low operating 
costs. 

Methods range from a simple derrick 
operating a claim shell bucket through a 
great variety of towers and bridges, to 
machines of the Hulatt type capable of 
handling 1000 tons per hour. 

The main principle of all these unload- 
ing devices is, however, the same. consist- 
ing of a mechanically operated digging 
bucket lowered into the hold of a ship, 
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hoisted out and swung or trolleyed to a 
hopper into which it dumps and from 
which cars are loaded. 

The Hulatt unloader, which is the most 
modern development, consists essentially 
of two parallel girders at right angles to 
the length of the wharf and mounted on 
trucks. These girders support the trolley 
or carriage, which in turn carries the 
walking beam, the outer end of which 
supports vertical leg provided at the 
lower end with a grab bucket. The 
bucket leg is suspended in a vertical posi- 
tion and the operator rides in it just over 
the bucket, and therefore goes into the 
boat with it at each trip, enabling him 
to see its workings and control its move- 
ments. By means of hoisting mechanism, 
the beam is made to oscillate up and 
down, carrying the bucket up over the 
hatch or to the bottom of the hold. When 
the bucket reaches the pile of coal in the 
boat, it is closed and filled, after which 
the leg is raised and trolleyed back over 
the hopper on the dock into which the 
contents are discharged. 


From the hopper the coal is dumped 
into an auxiliary car, which in turn 
transfers the coal into ordinary open 
cars. 

The bucket leg is mounted on rotating 
trunnions in the walking beam, so that 
it can revolve and reach out in all direc- 
tions beneath the hatch. They have a 
capacity of from 10 to 15 tons and 
speeds of from 60 to 70 trips per hour 
are normal. 

When operating in boats, specially de- 


signed for coal service, 90 to 97 % of . 


the cargo can be unloaded without the 
help of trimmers. 

The bucket operator controlls all move- 
ments of the machine, except movements 
from hatch to hatch, and the operation 
of the «bucket car» which movements 
are controlled by another man. Where 
large quantities of coal or ore have to 
be handled, no more economical or rapid 
method can be used than a battery of two 
or three of these unloaders working on 
one wharf. 


APPENDIX. 


ee 


Detailed list of questions relating to question X. 


LIST OF QUESTIONS. 
Team tracks. 


1. — What length of team track is consider- 
ed the most economical for operation and for 
convenience of shipper? : 


2. — What track centres are recommended : 


a) Between pairs of tracks? 
6) Between tracks for roadway? 


3. — Do you favor stub end tracks or tracks 
connected at both ends? 

4, — Are track scales provided? 

If so where located with respect to general 
yard? 

5. — Are wagon scales provided? 

6. — Are any mechanical means of hand- 
ling heavy freight provided? 

If so describe briefly ? 
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7. — Does the replacement of the horse- 
drawn vehicle by the motor truck necessitate 
any change in the general design of team de- 
livery yards? 


8. — What means are employed for showing 
the shipper the location of his car? 


9. — Are any means beside the ordinary de- 
murrage rules used to hasten the loading and 
unloading of cans? 


10. — What practice as to time is followed 
in pulling the yard? i.e., once or twice a day 
and at what hour? 


11, — Are any type car pullers or mecha- 
nical means other than switching engines, used 
for spotting cars? 


12. — Are any means such as elevated trest- 
les or elevators provided by the railway for 
handling such bulk commodities as coal, stone 
or sand, if so, what type is used and on what 
basis are charges assessed ? 


13. — Are special yards provided for special 
commodities? or is the yard in which cars are 
placed controlled solely by the wishes of the 
shippers? 


14. — In the design of new yards what is 
the relation between length of tracks provided 
and the daily tonnage to be handled? 


15. — Are turntables or transfer tables in 
use to conserve space or facilitate pulling cars 
without disturbing other shippers? 


Freight houses. 


16. — What ratio does the floor space pro- 
vided in : 

a) Inbound houses; 

b) Outbound houses, bear to the tonnage 
handled ? 

c) What average daily tonnage is necessary 
to make the provision of a separate inbound 
and outbound house necessary? 


17. — What is the recommended width of : 


a) Inbound house? 
b) Outbound house? 


18, — Are trucking platforms between pairs 
of tracks provided? 

Tf so what width? 

What has been found to be the advantage 
and disadvantages of trucking platforms? 


19. — What is the relation between length 
of freight house and cost of operation? 


20. — Are platforms outside the line of 
doors provided? 


a) On team side? 
b) On track side of house, if so, what width 
is recommended ? 


21. — What type of filloor is used? 


Has this been satisfactory? 
Give recommendations. 


22, — What slope of floor is allowed in the 
direction of heavy trucking? 


23. — Describe system of handling in : 


a) Inbound houses from time car is spotted 
to time freight is delivered to teams, includ- 
ing system of checking, trucking, storing and 
delivering ? 

6) Outbound houses from time freight is re- 
ceived from teamster at shed door to storage 
in car including checking upon receipt, in- 
spection, trucking, weighing, checking into 
ears and storing? 


24, — If possible give costs per ton for each 
class in question 23. 


25. — a) Do you employ « piece work » in 
the trucking or loading of freight? 

b) Has this system resulted in any reduc- 
tion in cost of handling freight? 


26. — Are cars spotted at outbound freight 
houses in the order of their delivery on the 
road so as to avoid unnecessary switching? 


27 — In large freighthouses what system is 
used to notify shipper of arrival of freight 
and to give prompt information to telephone 
inquiries as to freight? 


28. — Are teamsters required to deliver out- 
bound freight at certain designated doors cor- 
responding to destination of freight? 


ea 


29. — In handling inbound freight what 
method of sorting freight for different ship- 
pers is used? 


30, — At any of your terminals do you de- 
liver freight from freighthouse to shipper or 
has each shipper to look over his own cartage? 
Give details of method. 


31. — Are mechanical means for handling 
in freighthouses used? 

If so describe the methods used and result 
in economy over hand trucking? 


32, — Hawe you any freight houses of two 
or more floors? 

Are there any advantages in multiple 
storied freight houses over single storied from 
an operating standpoint? 


33. — Can you suggest any method, other 
than storage charges to expedite the removal 
of freight by shippers from sheds? 


34. —- What methods of fire protection are 
in use? 


35, — What method of lighting? 


Private sidings. 


36. — At whose cost are private sidings 
constructed? 


37. — If at the Railway Company’s, is pay- 
ment made in installments, or is a rental 
charged? 


If a rental on what basis? 


38. — Are cars placed by the railway on an 
interchange track and switching done by the 
shipper, or does the railway do the switching? 
If switching is done by railway, is an extra 
charge made? 


Water terminals. 


39. — a) For export trade, general package 
freight, what length of piers recommended? 


b) What width of slip between pier? 
c) What width of sheds? 


40. — What track arrangement is recom- 
mended for a pier with berth at both sides, 
and long enough to accommodate two vessels? 


41, — What width of platform is recom- 
mended outside of sheds on water side? 


42, — Are all tracks depressed to bring car 
floor level with pier floor, or are only the 
centre tracks so treated? 


43. — Does the erection of two or more 
storage freight houses effect the width of 
pier necessary? 


44, — In two or more storied freight house, 
by what means is freight handled from floor 
to filoor? 


45. — What mechanical devices are in use 
for the transporting of freight from car to 
vessels and vice versa? 


46. — Are the piers and terminal facilities 
owned by the railway, a private company or 
a commission? If the latter, does the rail- 
way company or the owner of the pier do the 
necessary switching? 


47. — Do you recommend continuous whar- 
ves or piers? What special arrangement of 
track do you recommend for the different 
cases ? 


Note. — In answering questions, deserip- 
tions and plans of unusual layout or methods 
will be appreciated. 
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CHAPTER I. 


General considerations 


This is not the first occasion on which 
the problem of repeating track-signals 
in the cabs of locomotives has been a 
subject for discussion. On the other 
hand it can be stated that for many years 
past it has attracted the attention of the 
most important of the Railway Adminis- 
trations; but it must also be admitted 
that the administrations have not wel- 
comed it with the enthusiasm and interest 
in its application that was deserving of 
the importance of the question; this was 
because nearly all their technical officials 
feared that repeating the track-signals in 
‘the cabs of the locomotives would tend to 
decrease the safety of railway working 
rather than to increase it, by distracting 
the attention of the driver from directly 
observing the track-signals. 


(1) This question runs as follows 
Different systems already used or tried. 
motives, » 


It is not necessary here to repeat the 
criticisms on cab-signals that have been 
made by the leading technical officials of 
the Railways against the use of cab- 
signals, nor the thoroughly well-known 
arguments set out by Mr. Blum, inspector 
of constructional work on the Prussian 
State Railways, in relation to these objec- 
tions. 

Actually these objections which a more 
thorough examination of the problem 
showed to be erroneous, led to quite pa- 
radoxical conclusions, and in regard to 
this we recall the remarks. made by the 
late Mr. Weissenbruch, manager of the 
Belgian State Railways, and published 
in the Bulletin of the International Rail- 
way Association (for April 1920, p. 173). 

More accurate statistics relating to the 
cases of failure to observe the signals, 
quite apart from whether such failure 
had resulted in any accident or not, to- 


: « Repeating and recording the track signals on the locomotive. 
Results obtained. — Recording the running speed of loco- 
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gether with the improvements that had 
meanwhile been effected in the construc- 
tion and reliability of the repeating ap- 
paratus, have led the Railway Adminis- 
trations to undertake trials and even to 
instal systems of cab-signalling of their 
own accord. It must not, however, be 
forgotten that they were also urged to do 
so by the pressure of public opinion 
which had been roused by the serious 
character of many bad accidents due to 
failure in observing the track-signals. 


In fact, it must be recognized that to- 
day, the increase in density of traffic, 
the increase in speed, and the increased 
complication in the signalling systems at 
great junctions, have made the work of 
the driver much harder in regard to look- 
ing out for and picking up the signals 
that he must obey. It must be added 
that the body of the locomotive in front 
of the cab has now grown to such a large 
size that it forms a great obstacle to the 
field of observation of the driver, par- 
ticularly on curves : moreover the height 
of the chimney has now been reduced to 
such an extent that the smoke and ex- 
haust steam are driven down, particu- 
larly at high speeds, in great clouds at 
the sides of the locomotive and that these 
also contribute to rendering the track- 
signals less easily visible. 

It must therefore be recognized that 
the fitting of cab-signals on locomotives 
now appears to have become an absolute 
necessity; it is only a question of ascer- 
taining to what extent and in what form 
they should be adopted, and whether 
their adoption will permit of any sim- 
plification being made in the arran- 
gement of the track-signals. 

With this object we addressed a list 
of questions to all the administrations 
which belong to the International Rail- 
way Association(except those of France). 
A Summary of the replies that we have 


received relating to each question or 
group of questions is given in appendixes 
A, B, C and D. 


CHAPTER II. 


Cab-signals : Classification 
and functions. 


Amongst the railway administrations 
that received our list of questions, those 
that have made trials of cab-signals on 
locomotives are the following : 


Belgium : Belgian State Railways. 

United States (America): Erie Rail- 
road, Southern Railway System. 

Great Britain and Ireland : Great Cen- 
tral Railway, Great Eastern Railway, 
Great Western Railway, London & South 
Western Railway, North Eastern Railway, 
North Staffordshire Railway. 

Australia : New South Wales Govern- 
ment Railways. 


Holland : Netherlands State Railways. 
Sweden : Swedish State Railways. 


Although these administrations accept 
the fundamental principles of the pro- 
blem they do not agree in detail regard- 
ing the form and extent of its applica- 
tion. In fact they adopt different sche- 
mes for working which may be analysed 
as follows : 


1° The system adopted confines itself 
exclusively to attracting the attention of 
the driver by giving him a warning of 
some kind when approaching the track 
signals; 

2° The system adopted repeats in the 
locomotive cab the indication given by 
the position of the track-signals while 
giving warning on approaching them; 

3° The system adopted is not limited 


to the repetition of indications given by 


the position of the track-signals or to giv- 
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ing a simple warning on approaching 
them, but it also produces automatic ap- 
plication of the brakes whenever the 
driver fails to obey the indication receiv- 
ed either by the track signals or by the 
repeating apparatus (cab-signals); 

4° The system adopted causes automatic 
application of the brakes according to the 
indications of the track signals, inde- 
pendently of any action of the driver. 


These four systems represent the 
gradual transition from the conception 
of a simple warning for the driver of 
his approaching the track signals to that 
of the substitution of an automatic ap- 
paratus for the driver, relieving him of 
the responsibility for obeying the track- 
signals. Closely related to the question 
of stopping by the automatic application 
of the brakes there is also the question 
of recording the position of the track- 
signals in order to compel the driver, so 
far as possible, himself to keep a look- 
out on the track and thus to provide two 
factors, the man and the apparatus, and 
to rely on the joint probability dependent 
on their simultaneous actions rather 
than on the single probability of each 
individually. 

With regard to the extended use of the 
system of cab-signalling some adminis- 
trations confine themselves merely to re- 
peating the distant signals; others repeat 
either the distant signals or the home 
signals. Finally, there are some admin- 
istrations that foresee the possibility of 
abolishing the distant (track) signals by 
substituting for them the cab-signals 
given on the locomotive by the repeating 
apparatus. 

The idea of automatic action is pre- 
ferred by the Administration of the Belg- 
jan State Railways, which desires to re- 
peat absolute stop signals and the distant 
signals on some lines of its system and 
at the same time to adopt automatic ap- 


plication of the brakes, according to the 
following scheme : 

a) Sounding a whistle 200 m. (220 
yards) before arriving at a distant sig- 
nal when this is standing at danger; the 
whistle being stopped only by the action 
of the driver; 

b) Sounding a different whistle when 
the distant signal stands at line-clear; 

c). Should the driver fail to silence 
the whistle requiring him to stop, a gra- 
dual and automatic application of the 
brakes should take place in the case of 
a distant signal; 

d) Automatic and immediate applica- 
tion of the brakes in the event of passing 
a home signal at danger. 


The cab-signalling system adopted on 
the Great Eastern Railway meets these 
same conditions and an analogous pro- 
gramme has been adopted by the 
Southern Railway System of the United 
States of America; this administration, 
moreover, adopts automatic application of 
the brakes when the running speed of 
the train exceeds the permissible limit 
so as to reduce the speed to this limit. 
In this case the repeating apparatus is 
fitted with a recording strip on which is 
recorded the taking off of the brakes by 
the driver after they have been put on 
automatically. 

The programme of the Great Western 
Railway differs from the preceding in 
that it is limited to repeating distant 
signals only without any form of record- 
ing gear. 

The company working the Netherland 
Railways, while recognising the advant- 
ages and the opportunity for operating 
the brakes automatically and while com- 
prising this in its programme, is of the 
opinion that it is unnecessary and even 
disadvantageous to adopt any form of 
cab-signalling; it is thought better to 
compel the driver himself to keep a look- 
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out on the track and to have a constant 
check on him by giving him the facility, 
when he has seen a track-signal, for pre- 
venting the automatic working of the 
brakes. Should he fail to do so, the au- 
tomatic application of the brakes is re- 
corded with the object of affording an 
indisputable check on the want of atten- 
tion of the driver. 

The other administrations prefer pure 
and simple repetition of the signals with- 
out any automatic application of the 
brakes. 

Nevertheless the Reliostop repeating 
system adopted by the Great Central Rail- 
way, although simply limited to warning 
the driver on approaching distant signals, 
without indicating the position of the arm 
and without any form of recording gear, 
provides, notwithstanding this, for auto- 
matic application of the brakes should the 
driver run past a home signal standing 
at « danger ». 

The London & South Western Railway 
has adopted repeating distant signals and 
stop signals as well as the recording of 
their positions; but in the reply of this 
Railway to our list of questions it is stat- 
ed that the visual repeating apparatus 
should be so placed in the locomotive cab 
as not to prevent the driver from having 
a free view outside. 

The North Eastern Railway similarly 
adopts the repeating of‘ distant signals 
and stop signals, while drawing attention 
to the fact that this repeating should be 
performed jas far as possible before arriv- 
ing at the signal in order that the driver 
may himself have sufficient time to check 
the cab signal with the indication given 
by the position of the track-signal. More- 
over, should the driver note the position 
of the track-signal in time he can put the 
apparatus out of gear and prevent any 
record from being made. 

The North Staffordshire Railway and 


the New South Wales Government Rail- 
ways limit themselves to repeating distant 
signals only; and require that, while not 
using any recording apparatus, the re- 
peated signal shall remain in position for 
sufficient time to be certain of attract- 
ing the attention of the driver. 

The Roumanian State Railways, alth- 
ough they have not yet adopted or tried 
any repeating system, hold an opinion 
different from that of all the administra- 
tions already mentioned; actually they 
express preference for repeating only the 
stop signals, between the distant signals 
and the stop signals, provided that it can 
be ensured that the indications given by 
the cab signal are perfectly reliable for 
regularity of working and clearness. 

The Swedish State Railways have made 
no trials; it should, however, be noted 
that on some of their electric automotor 
vehicles working with continuous cur- 
rent, an arrangement has been installed 
for the automatic application of the 
brakes at a distance of about 50 metres 
in front of the home signal at a station 


in the case when such signal is standing 


at « danger ». 


CHAPTER III. 


Mechanical repeating apparatus. 


In order to comply with the various 
working conditions required by the ad- 
ministrations in the programmes which 
have been summarized above, a_ large 
number of appliances and repeating sys- 
tems have been designed and tested. 

We shall now briefly review the more 
important repeating appliances which we 
shall divide into four classes : mechan- 
ical, electrical, electro-mechanical, and 
electro-magnetic appliances. 

Amongst mechanical appliances the 
most characteristic apparatus is that of 
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Van Braam which was designed and 
constructed to meet the programme set 
forth in the Circular Letter of the French 
Minister of Public Works dated 18 sep- 
tember 1899. This programme may be 
summarized in the two following propo- 
sals : 


4° To ensure the automatic application 
of the continuous brake, provided that a 


_ recording apparatus enables any lapse on 


the part of the driver to be recorded; 

2° To ensure that the apparatus shall 
provide both a warning and a simulta- 
neous record. 


The apparatus is actually operated in 
the following manner: on approaching 
a distant signal, standing at danger, the 
driver receives warning by an alarm 
whistle and the appearance of a visual 
signal in the locomotive cab showing the 
position of the signal that has been pass- 
ed. In the case of a home signal the 
alarm whistle continues to blow until 
the chief guard of the train takes action 
to restore the apparatus to its normal 
position, by means of a push button 
which he alone can work. Moreover by 
connecting the apparatus to the continu- 
ous-brake train-pipe automatic action 
may be obtained for this — partial in the 
ease of a distant signal standing at dan- 
ger — or complete in the case of a home 
signal at danger. 

This apparatus has been described in 
the report of Mr. Maison on question XII 
to the Rome Congress (+). 

The Van Braam apparatus has been 
tested on the French, Prussian, Belgian 
and Dutch Railways; the results obtained 
however, were not satisfactory, mainly 
on account of fairly frequent cases of 
incorrect working of the apparatus. In 


(1) See Bulletin of the International Railway 
Association, November 1921, p. 1709. 


order to avoid these disadvantages the 
inventor modified his apparatus by elim- 
inating the automatic working of the 
brakes and adopting four striking levers 
with springs, arranged in pairs on both 
sides of the locomotive, one pair being 
used for forward running and the other 
pair for reverse. 

Notwithstanding the modifications 
made it would appear that the results 
of the trials made with the new type of 
apparatus do not appear to have been 
very satisfactory, because the Belgian 
State Railway and the Dutch State Rail- 
ways state that they have been compelled 
to abandon it. 

In fact these administrations state that 
in snowy weather it was necessary to 
lock the treadles and confine their in- 
dication to that of the approach to a 
track-signal; and it is quite certain that, 
in winter, bad weather must interfere 
with the working of the apparatus. 

Notwithstanding the small success that 
attended the trial of the Van Braam re- 
peating apparatus, the Belgian State Rail- 
way has subsequently made numerous 
trials of other mechanical appliances 
amongst which the most interesting is 
Sneyers’ apparatus (*). This apparatus 
depended, in its earlier type, on the use 
of a brush of springy steel wire placed 
on the track and acting on a mechanical 
arrangement (integrator) carried on the 
locomotive, which opened a valve and 
sounded the whistle by means of com- 
pressed air. 

It is perhaps of interest to recall that 
the Raven apparatus (*) which, in its 
earliest form was entirely mechanical, 
is still fitted on 1488 locomotives run- 
ning over the most important line of the 


(2) See Bulletin of the International Railway 
Association, April 1920, p. 184. 

(3) See Bulletin of the Railway Congress, January 
1912, p. 84. 
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Fig. 4. — General arrangement of treadles. — Jefcoat cab-signalling system. 
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North Eastern Railway system between 
York and Alnmouth for a length of 116 
miles. It is extremely simple, consisting 
of a contact treadle connected to the 
signal by rodding, in such manner that 
when the signal is at « danger » the 
treadle is raised and can come into con- 
tact with a striker carried on the loco- 
motive. The shock transmitted from the 
treadle to the striker works a_ small 
whistle in the locomotive cab and at the 
same time applies the Westinghouse 
brake, the application of which contin- 
ues until thedriver takes action to restore 
the apparatus to its normal position. If 
the locomotive should not be fitted with 
the Westinghouse brake the whistle is 
blown by steam. 


The apparatus invented by Mr. H. Jef- 
coat also belongs to the class of mechan- 
ical apparatus, of which it has most of 
the essential features; the repeating of 
the positions of the track-signals at « line 
clear » and « danger » is not caused by 
a single treadle capable of taking up two 
different positions, but, on the other 
hand, it is caused by two different tread- 
les entirely separate from each other. 
These treadles are so placed in the track 
that they balance each other, being con- 
nected together in such manner that the 
depression of one assists in the raising 
of the other. This arrangement was 
adopted by the inventor with the object 
of reducing to a minimum the additional 
load that is thrown on the signal trans- 
mission gear when this has also to ac- 
tuate the treadle. 


Actually in this system there are two 
treadles connected to the distant signals 
and two treadles connected to the home 
signals; these treadles, acting independ- 
ently of each other through three sus- 
pended strikers carried on the locomo- 
tive, produce the repeating of the signal 
as a cab signal which is simultaneously 
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‘visible and audible. There are two quite 
‘different indications given for distant 
‘signals and for home signals standing at 
« danger » and a third indication for both 
‘kinds of signal when standing at « line 
clear ». 

The treadles are arranged between the 
rails, side by side, in the following man- 
ner : for a distant signal the treadle that 
gives the « danger » indication is always 
arranged exactly in the centre of the 
track and that which shows « line clear » 
is placed a little nearer to the left-hand 
rail; on the other hand for a stop signal 
the treadle that shows « line-clear » is 
in the centre of the track, but the treadle 
giving the stop indication is on the other 
side of the centre of the track, that is to 
say nearer to the right-hand rail. 

Three striking levers are arranged on 
the locomotive in a similar manner side 
by side the middle one being always oper- 
ated by a treadle corresponding to a dis- 
tant signal at « danger », the right-hand 
one by any treadle standing at the posi- 
tion corresponding to « line-clear » and 
the left-hand by a treadle corresponding 
in position to a home signal standing at 
« danger ». It may, however, be remark- 
ed that the number of strikers could be 
increased so as fo produce other repeti- 
tions if such were desired. 

Figure 1 shows the details relating to 
the arrangement of the treadles corres- 
ponding to a distant signal : they are 
placed in advance of this, at a distance 
depending on the gradient of the section 
preceding the signal, in such manner as 
to allow proper time for warning the 
driver. On some stretches of track, on 
which the system has been tried, with a 
gradient of 1 in. 150, the treadles were 
placed at a distance of about 440 yards 
before the distant signal, giving a warn- 
ing of fifteen seconds for a speed of 60 
miles per hour. 


The treadles are secured to the track 
in the following manner : flat steel plates 
25 ft. 10 in: by 3 5/8 inches wide and 


1/4 inch thick are carried on the sleepers. 


In each bar, at intervals of 5 feet, two 
holes 11/16 inch in diameter are drilled 
7 inches apart. 

These holes serve for attaching the 
fixed bearings shown in figure 1. These 
carry two arms ending in a fork into 
which the web of the T-section treadle 
enters; the treadle is 30 feet long, 2 1/2 
inches wide by 2 1/2 inches deep and 
3/8 inch thick. 

These forked arms are of different 
lengths according to their position from 
the end of the treadle. The danger in- 
dication, that is to say that for stopping, 
is given by the treadle B, which is fitted 
with five arms which are entirely inde- 
pendent, except the operating arm which 
is common to it (B) and to the treadle A; 
this arm is operated by the signal wire. 
The arms carrying the treadle B taken 
in the order in which they are arranged 
according to the direction of running of 
the locomotive which meets the treadle 
are of the following lengths: No. 5: 
5 15/46 inches; No. 4: 6 4/4 inches; 
No. 3: 6 1/2 inches; No. 2: 6 413/16 
inches; No. 1: 7 1/8 inches. Similarly 
the arms which carry the treadle A have 
the following lengths: No. 5: 6 7/16 
inches; No. 4: 6 3/4 inches; No. 3: 
7 1/16 inches. 

Figure 2 shows the working of the 
operating lever. Two arms are keyed to 
a horizontal rocking shaft, the left-hand 
arm carrying the treadle B which gives 
the « danger,»; indication and the right- 
hand arm tarrying the treadle A which 
gives the « line-clear » indication. 

Under normal conditions when the dis- 
tant signal stands at;-« line-clear » the 
front end of the treadle B is 1/2 inch 
below the line of contact of the striking 
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levers on the locomotive; but as the loco- 
motive runs over the treadle the level of 
this rises gradually till at the further 
end it is 1 inch above the line of contact 
of the striking levers. At the same time 
the treadle A is in its lower position in 
which its forward end is 3 1/4 inches 
and its further end 1 3/4 inches below 


the line of contact. Both of the treadles 


terminate in inclined planes : the for- 
ward end has a slope of 3 1/2 inches in 
2 ft. 3 in. and the further end a slope 
of 5 inches in 2 ft. 9 in. so that when 
each treadle is in its lower position in 
all cases it comes up to the level of the 
rails. 


Fig. 2. — Details of oj; eruting lever and brackets in the Jefcoat cab-signalling system. 


The further end of treadle B is con- 
nected by wire to the track-signal in 
such manner that when this is set to 
« line-clear » the treadle B moves to the 
left and consequently is brought to its 
lower position, in which its ends are res- 
pectively 3 inches and 4 1/2 inches below 
the contact level of the striking levers; 
the result is it cannot in any way affect 
the apparatus on the locomotive. At the 
same time the lever raises the treadle 
A which rises to the level .formerly oc- 
cupied by the treadle B. 

- In an exactly similar manner the stop 
signal is also connected to two treadles 
of which that which gives the indication 


of « line clear » occupies the same posi- 
tion relatively to the rails, as that occupi- 
ed in the case of the distant signal and 
that which gives the indication for stop 
is on the right hand of the centre of the 
track so as to operate the right-hand lever 
instead of the centre lever. 

The striking levers are contained, in ‘a 
metal box (fig. 8) which can.bé secured 
to the frame of the locomotive at a height 
which can be adjusted according to re- 
quirements. ~The striking levers are fit- 
ted with opposed spiral springs, the re- 
sistance of which must be overcome to 
obtain the raising of the striking lever 
on passing over the treadles; when a@ 
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treadle has been run over the springs 
restore the lever in question to its ori- 
ginal position.. 

At the upper end (fig. 3) of the central 
suspended lever a for distant signal at 
« danger » a pulley b is carried, over 
which a‘metal wire ¢ runs of which the 
end c? is permanently secured to the box, 
and the other end is connected to a 
spring d; the transmission is completed 
by two intermediate pulleys c* c’*. 

To the other end of the spring d is 
secured a second metal wire e, which is 
attached to the lever f? of the whistle f, 
and to a second spring g; this spring in 
turn works a third wire h which is con- 
nected to the lever j of the brake. More- 
over, above the spring d and on the wire 
e is arranged a catch e? which, when the 
wire ¢ is pulled, comes into contact with 
another fixed catch e%, and, near the 
spring g, a movable catch e is arranged 
on the wire e which comes into contact 
with the fixed stops e° or e’. 

It is therefore evident that any raising 


regularity of the operation performed by 
the driver. 


whistle sounds the alarm and that the 
brake is applied, a red visible signal is 
caused to appear electrically in the cab of 
the locomotive and a loud bell starts ring- 
ing which cannot be stopped until the 
driver has brought the train to rest. 

If the treadle B were lowered and the 
treadle A were raised the lever to the. 
right of a would be raised — distant 
signal at « line-clear » — which lever on 
being raised closes an electric circuit and 
causes a green visible signal to appear 
in the cab of the locomotive and a small 
bell to ring. 

When the train approaches an absolute 
stop (home) signal, and when the preced- 
ing distant signal is standing at danger 
the driver is warned to apply the brakes. 
If the stop signal is at « line-clear » the 
lever to the right of a will be operated;. 
if, on the other hand, it is at « danger » 
the lever of the left will be actuated and 
the rising of this will produce a second 
application of the brake, the blowing of 
an alarm whistle, and the:appearance of 
a red visible signal in the cab of the 
locomotive. 

If the locomotive should happen to be 
running tender first the two side striking 
levers would be transposed; in this case 
a special switch is provided for altering 
their functions. 

It is important to note that the work- 
ing of the apparatus is essentially posi- 
tive, because the treadle A giving the 
indication of « line-clear » is normally in 
its lower position. 

There is no need to enlarge on the 
subject of other types of apparatus of 
this kind; it may merely be mentioned 
that almost all the railway administra- 
tions that have made trials relating to 
the question of repeating signals have 


~ commenced by experiments with mechan- 


ically operated apparatus. 
As the result of these trials it has been 
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possible to appreciate that, in the con- 
struction of such apparatus, some ser- 
ious difficulties must be avoided, such 
as the destructive effects due to the con- 
siderable inertia to be overcome by the 
shock, particularly at very high speeds; 
the increased difficulty of operating the 
signals by reason of the necessity for 
connecting to the signal transmission the 
movable treadles placed in the track; and 
any incorrect working which may he 
caused by unforeseen obstacles encoun- 
tered on the track. 


CHAPTER IV. 


Electric repeating apparatus 


These appliances are in much more 
general use than mechanical apparatus 
thanks to the simplicity of the principle 
on which they are nearly all based : the 
irain when passing over special gear con- 
nected with the signal of which the in- 
dications are to be repeated, closes or 
opens a circuit by means of a contact 
which, either directly or indirectly, 
causes the working of the repeating ap- 
paratus and in some cases of the con- 
tinuous brake also. A simple contact for 
opening or closing a circuit can be con- 
structed without fear of destructive 
shocks and with great certainty of action, 
even at very high speeds; it is therefore 
evident, from this point of view, that the 
electric repeating appliances show great 
superiority over the mechanical appara- 
tus. 

The ‘electrical repeating appliances 
that have been invented are very numer- 
ous; amongst these we may mention that 
invented by the Belgian, M. Vital Cé- 
sar (1),-a very complete description of 
which is made by Mr. L. Weissenbruch 
2) aoe i 

(1) See Bulletin of the International Railway 
Association, April 1920, p. 186. 


in his very interesting article on signals 
for giving warning in fog. A: 
This apparatus is free from the most 
serious defects found in other appliances 
using the Lartigue type of crocodile, that 
is to say, that of not always acting in the 
direction of ensuring safety; a direct 
contact between the rail and the treadles, 
moreover, cannot give rise to an indica- 
tion of « line-clear » even when the 
signal is at « danger ». It has, however, 
been sufficiently demonstrated in prac- 
tice that. the working of the apparatus is 
not satisfactory. During the period of 
the trials derangements and failures were 
very numerous and the greater number of 
these were caused either by the breakage 
of a line wire or of the treadle connexion 
or by defective insulation of parts 
(treadles, brushes, etc.) or by failures of 
the switch. The latter are particularly 
to be feared because it is evident that if 
a switch closes the track circuit incor- 
rectly it would stiil be possible to give 
the driver an indication of « line-clear » 
while the signal was actually standing at 
« danger ». Another very important 
cause of derangement is due to the fact 
that the batteries are carried on the 
locomotive : although this allows of their 
being inspected more easily, at the same 
time it makes them more liable to be- 
come run down as the result of polariz- 
ation. Apart from their being continu- 
ously at work, the electro-magnet circuit 
being permanently closed is itself a very 
important cause of the batteries becom- 
ing exhausted. If, therefore, the system 
were to come into general use, it would 
be necessary to maintain the batteries in 
the running sheds, this would place on 
the shed staff work they were not ac- 
customed to, and would doubtless be 
much more costly than the maintenance 
of batteries on the ground. It is, more- 
over, easy to design an arrangement that 
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enables the state of the batteries to be 
checked by causing the current to pass 
through the cabin from which the signal 
is operated; this is the method most fre- 
quently adopted to-day in practice for 
avoiding the accidental running down of 
batteries on the ground. 

Another fairly frequent cause of fail- 
‘ure in the working of the Cesar appar- 
atus is the small quantity of the extra 
current which is at the same time the 
original feature and the point of weak- 
ness of the system. Finally, even making 
allowance for the numerous cases of ir- 
regular working of the whistle, which 
may' be due to many causes, and to the 
necessity for a positive working of the 
apparatus — an arrangement which must 
always be very delicate and accurate — 
there remains the problem to be solved 
of ensuring contact in winter between the 
brushes‘ and the treadle in case of snow, 
ice or other bad weather effects. To 
overcome’ this latter trouble, amongst 
other methods the following systems 
have been proposed : 


1° The adoption of protective. brushes 
arranged in the front of the locomotive, 
or of other similar arrangements, intend- 
ed to remove the covering of snow, ice, 
or other non-conducting substance which 
prevents contact from being made; in the 
case of hoar frost, these difficulties. may 
be avoided by making use of paraffin for 
preventing the adhesion of hoar-frost to 
the objects which it covers; in this case 
it is necessary to arrange for employees 
to paint the treadles with paraffin during 
severe weather; 

2° To adopt a much greater length for 
the treadles, up to 18 or 20 m. (59 feet 
or 65 ft. 7 in.) substituting, moreover, 
for the smooth brass sheet, with which 
they are usually covered, a surface form- 
ed as a long grating of mild-steel strips 
which can be maintained at a fixed dist- 


‘mechanical appliances. 


ance by means of stays carried on the 


sleepers by the intervention of metal 
supports from which they can be insulat- 
ed by wooden shoes; 

3° The tse of an inverted channel-iron 
with sharp edges or a grid of special 
form. 


Naturally, the fiurilder one departs from 
the type of treadle having a smooth sur- 
face, the more does the apparatus lose its 
characteristic advantage of ensuring 
simple and easy contact without shocks 
or vibration or other causes of damage 
to the parts; at the same time the ap- 
paratus loses more and more its capa- 
bility of working: satisfactorily at the 
high speeds. 

It is therefore necessary, if one does 
not wish to adopt treadles with smooth 
surfaces, to strengthen the brushes; in 
fact they are to-day formed of strong 
steel strip carried in a double housing of 
metal and insulated from the body of 
this by a thick sheet of micanite capable 
of resisting the destructive action of the 
heat encountered from heaps of cinders 
that have not been properly quenched or 
from yery hot clinker over which the 
locomotive may have been stopped hy 
chance. 

To resume, it must be recognized that 
this apparatus is extremely ingenious; 
however, as the result of the trials which 
have been made on the lines of the Bel- 
gian State. Railway System, its adoption 
has not been recommended. 


- 
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CHAPTER: V. 


Electro-iechaniéal repeating 
apparatus. 


Another ‘very important class of re- 
peating apparatus is-that-of the electro- 
These appliances, 
which to-day: comprise the most ‘highly 
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developed systems, are based upon the 
following principle : the contact between 
the locomotive and the treadle does not 
serve exclusively for closing an electric 
circuit, but also produces the displace- 
ment of some movable parts, the move- 
ment of which is capable of working the 
apparatus. ' 

The most simple apparatus coming into 
this class is without doubt the well- 
known type of the Great Western Rail- 
way Company. It works in the following 
manner : 

A treadle R (fig. 4) consisting of an 
inverted T iron is placed in the centre 
of the track; this form has been adopted 
because it has the advantage of offering 
only a very small surface for the accu- 
mulation of snow and ice, and thus 
makes the working of the apparatus pos- 
sible even in winter and under bad 
weather conditions. 

The treadle R is carried on a wooden 
support and is suitably insulated by 
adopting the arrangement shown in fig- 
ure 4; it has a length of 60 feet(18.30 m.) 
on express lines, and of 40 feet (42.20 m.) 
on slow tracks and branch lines : its 
highest point is 4 inches (102 mm.) above 
the rail level (fig. 4), and it is arranged 
with inclined portions at its ends with 
a view to reducing the shocks produced 
by meeting the contact shoe carried on 
the locomotive. The treadle is electrically 


~ connected by a telegraph wire to a 


switch §’ placed in the signal cabin, 
which enables it to be connected to or 
disconnected from a battery B’, of which 
the positive pole is earthed, according to 
whether the signal-lever is in its position 
for « line-clear » or for-« danger-», the 
switch S’ is closed or open. _- 

When a signal is passed by a loco- 
motive a contact shoe L, which is attach- 
ed to the locomotive, rubs on the treadle; 
normally the shoe, which would hang 


downwards owing to its weight, is balanc- 
ed by a spring tending to hold it up, and 
is so adjusted that at its lowest it is 
2 1/2 inches (64 mm.) above the level of 
the rail; that is to say, that when it 
runs over a treadle it will be necessary 
for it to rise 1 1/2 inches (38 mm.). On 
the locomotive there is an arrangement of 
two electro-magnets E and FE’, the armat- 
ures of which are connected by a bridge 
in such manner that a fairly powerful 
common armature K is formed, when it 
is held up by the exciting of the one or 
the other of the electro-magnets, for en- 
suring the closing of the valve V of the 
whistle W. Under normal conditions 
the armature K is in contact, because 
the electro-magnet E is always connected 
through a local circuit on the locomotive, 
comprising the battery B and the switch 
S mechanically connected to the shoe L. 
But when the shoe L, in passing over the 
freadle, is raised by at least 1/2 inch 
(43 mm.) above its normal position the 
switch § is opened; the local circuit of E 
is then interrupted, the electro-magnet 
ceases to be excited and the armature K 
opens the valve V of the whistle. This 
happens when the corresponding signal 
is at « danger », that is to say when the 
switch S’ is open and the track circuit 
is interrupted; when the shoe leaves the 
treadle. the shoe L is returned by its 
weight to normal position in which 
it is maintained by the action of 
the retaining spring mentioned, the 
switch S is closed and the electro-magnet 
E being exeited can again attract the 
armattire K which closes the valve V 
and stops the sounding of the whistle W. 


If, on the other hand, the signal is at 


line-clear, the switch S’ is closed- and 
the current sent by the battery B’ may, 
in passing through the contact R-L and 
the connexions shown in figure 4, excite 
the electro-magnet E’ of which the wind- 


Lie — Terra 
Fig. 4. — Great Western Railway type of cab-signalling apparatus. 


Explanation of Italian terms : Terra = Earth. — Isolante = Insulator 
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ing is electrically connected on the one 
hand to the shoe L and on the other 
hand to earth through the body of the 
locomotive and the track-rails. Under 
these conditions the shoe when passing 
over the treadle not only opens the switch 
S;but also closes the circuit of EF’ : con- 
sequently the armature K is no longer 
held by the electro-magnet E, but by the 
electro-magnet E’ and the whistle cannot 
sound. However, as it is desired in all 
eases to give an indication to the driver, 
eyen when the signal is at « line-clear », 
the current leaving the battery B’ run- 
ning through E’ (fig. 5) does not go 
direct to earth but passes through a 
polarized relay P which attracts its ar- 
mature and closes a second local circuit 


Bsitione aormale sella bo iis eas oh 


__, Feng del ferra__. __ 


comprising a battery B* and a bell A. 
The polarized relay P has a second wind- 
ing which serves to maintain the bell 
circuit closed, in such manner-that this. 
can continue to ring even after the shoe 


has left. the treadle and until the ‘driver 


takes action himself, and, by pressing on 
the push C, momentarily interrupts the 
bell circuit. There is, moreover, inter- 
posed in the circuit of the electro-magnet 
E, a spring contact D, actuated by a valve 
operated by steam, which causes the 
opening of the circuit and consequently 
gives the driver warning of danger when 
the pressure in the boiler falls below 
205 lb. per square inch (14 atmospheres) . 

Figure 6 shows the arrangement of the 
apparatus on the locomotive. 


Fig. 6. — Great Western Railway type of cab-signalling apparatus. 


Eaplanation of Italian terms; Piano del ferro = Rail level. — Scarpa = Shoe. — Posizione normale del’a scarpa 
na = Normal position of the shoe. — Rampa = Incline (or ram) ). — Cassetta per le pile = Battery box. 


The simplicity of principle and of administration of the Great Western Rail- 


construction of this apparatus ensures 
good working, which is confirmed by the 


way as the result of fairly long trials 
made on-a large scale. It cannot be 


doubted that the difficulties due to the 
presence of three electric circuits and to 
the contact between the movable shoe of 
the locomotive and treadle could never be 
entirely eliminated; a brush contact 
might probably improve the working of 
the apparatus. 

The administration of the Great West- 
ern Railway has abandoned on some 
single line sections the distant signals 
and has substituted repeating apparatus 
for these. 

In the early form of the apparatus, it 
worked .exclusively as a repeater of the 
track-signals; it was afterwards desired 
to add the application of the brake to 
that of the steam whistle in order to 
obtain a gradual and automatic slowing 
of the train when the signal tis at « dan- 
ger ». In the case of single tracks the 
arrangement placed in the signalman’s 
cabin enables him to send negative cur- 
rent through the track-circuit instead: of 
positive current, if the treadle is to meet 
the shoe of a train running in the oppo- 
site direction to that covered by the signal. 
The reversal of the current may be ob- 
tained in a very simple manner by in- 
verting the electric connexions of the 
group of batteries B’ with the treadle R; 
these connexions normally ensure a 
negative current and the operation of set- 
ting the signal to « line clear » alone 
enables positive current to be substituted 
for it and to cause the working of the 
apparatus. With the object of avoiding 
the possibility of the signalman making a 
mistake, during the throwing over of the 
levers, by sending a positive current 
instead of a negative current the levers 
controlling the signal and those control- 
ling the electric switches must be con- 
nected to each other and suitably inter- 
locked in order to make the operations 
automatic. 


The Raven apparatus used by the ad- 


ministration of the North Eastern Rail- 
way, on the Darlington-Richmond branch 
on which it is still at work, somewhat 
resembles the Great Western Railway 
apparatus although some modifications 
have been made in the apparatus that 
have been found necessary from the ex- 
perience gained in the last few years. 
From the original paper read by Sir 
Vincent Raven (1) in London on 18 De- 
cember 1914 before the Institution of 
Mechanical Engineers, and the particulars 
which have been supplied to us by the 
administration in question, relating to 
the modifications that have since been 
made, it will be seen that in this appa- 
ratus it is proposed : 


1° To advise the driver of his approach 
to a point where signals are to be looked 
for: 

2°. To give the driver the necessary 
information with regard to the position 
of his signals and to prevent him from 
mistaking other signals for his own; in 
fact this trouble has been often experienc- 
ed in the case of junctions; 

3° To control the driver by the cab- 
signals until he has passed the last signal 
controlling entrance into the section bey- 
ond. 


It is necessary to recall that the Raven 
system takes account of all three classes 
of signals in use on the English railways, 
that is to say distant signals, home signals 
and advance signals. 

The adoption of a number of small 
semaphores S, equal to that of the tracks 
of the junctions, represents a modifica- 
tion that has recently been- introduced 
into the Raven apparatus: this, in its 
earlier form, had only. a single small 
semaphore and a pointer operated by a 


(1) See. Bulletin of the -Railway Congress, 
number for January 1912, p. 84. 
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second armature of the electro-magnets : 
this pointer served to act as an indicator 
of the direction to be taken. 

Another modification that has been 
recently made in this apparatus is thie 
automatic working of the brakes as shown 
in figure 7. 

The brake valve placed on the train 
pipe is balanced by a spring controlled 
through the link-work N-Q, by the ~ar- 
mature K’” of the electro-magnets E,-E, 
permanently excited by the local batteries 


P’. The exciting circuit of the electro-- 


magnets K,-E, is P’-R’-E,-E,-12-f-13-14- 
45-P’, if it is the question of the small 
semaphore S, or by P’-R’E,-E,-12-f’-13- 
44-15-D’, if it is the question of the small 
semaphore S’, or finally if it includes 
the contact for the automatic control ; P’- 
R’-E,-E,-12-f’-13-14-15-0. Under normal 
conditions the small semaphores S and 
S’ are in the position of line-clear and 
the shoe Sh is held in its lowered posi- 
tion; then the contacts f-f’ and f”, as 
well as the brake valve, are closed. 

When, on the other hand, the small 
semaphores S and S’ are at danger the 
contacts f and f’ are open; in this case 
an interruption of f” produces immediate 
automatic application of the brake, be- 
cause all the circuits which can produce 
excitation of the electro-magnets E,-E, 
remain open. In order to produce an 
interruption of f” it is necessary that the 
shoe Sh, having been displaced by meet- 
ing a treadle should immediately fall back 
into its lower position; with this object 
the tappets which cause interruption in 
the circuits have been. arranged as shown 
in figure 7. 

An application of the brake can there- 
fore only be produced when any treadle 
has been passed over, whereas it does 
not take place if the train is stopped 
over a treadle. The application of the 
brakes is not instantaneous, but is pro- 


duced gradually as the successive tread- 
les aré passed over, if it should happen 
after the warning given by the treadle A, 
that an absolute stop indication is given 
on the others and that this indication is 
maintained up to the last one. In any 
event, the driver can always cancel the 
application of the. brake by pressing on 
the contact C, which resets the apparatus, 
when it is closed, to its initial position 
and consequently also closes the contacts 
f and f’. Finally the main switches R 
and R’ allow the driver to put the whole 
apparatus out of action, that is to say to 
prevent it from working. 

The diagram of the connexions of the 
track-circuits, which enable current to be 
sent from the cabin controlling the sig- 
nals fitted with treadles, is very simple 
particularly if it is a question of a simple 
junction. In fact, in operating the levers 
of the cabin which set the signals to 
line-clear, the closing of the contacts 
shown in figure 7 is ensured at the same 
time; these connect the batteries placed 
in the signal cabin with the line wires. 
These wires are three in number : the 
first supplies the treadles B-C-D and 
forms a portion of the distant-signal cir- 
cuit and of the home-signal circuit; the 
second and the third are connected res- 
pectively to the treadles E and FB’ and 
form part of the advance-signal circuit 
of track I, or of track II, of the junc- 
tion. 

Each of these wires is connected to an 
indicator in the cabin which enables the 
signalman to check whether the current 
has really passed through. the treadles in 
question. It is mecessary, however, to 
note that in this case the pointer of the 
indicator makes a partial rotation as it 
is controlled by the armature of a small 
relay, the excitation of which is not com- 
plete; in fact when the track circuit is 
open, that is to say when the train does 
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not run over a treadle, the shunt current 
for exciting the relay is limited owing to 
the resistances which form part of the 
circuit. These resistances do not in any 
way prevent the working of the arrange- 
ment placed in the locomotive cab, dur- 
ing the time of passing over an electrifi- 
ed treadle. On the other hand, when the 
brushes b, take current from the treadles 
a new circuit is made, in parallel with 
that for exciting the relays; the total 
resistance being in this event reduced, 
the exciting current is increased and the 
pointer performs its movement of rota- 
tion enabling the signalman to check 
whether there is any failure in the track 
circuits and whether the apparatus car- 
ried on the locomotive has worked pro- 
perly. The levers H, and A, (fig. 7) 
relate to track I and the levers H, and 
A, to track II; the circuit completed by 
the operation of the H-levers — relating 
to the distant signals and the home 
signals — is not made complete until the 
operation of pulling over the A-levers 
relating to the advance signals has been 
effected. On the other hand, the oper- 
ation of the latter is sufficient to ensure 
the closing of the corresponding circuits; 
it follows that when the signals are not 
all at line clear it is not possible to give 
the indication that the road is clear by 
means of the distant signals; whereas 
it is always possible to change the in- 
dication of the successive signals, what- 
ever may be the indication previously 
given. 

Moreover, the signalman has the keys 
§,-T, and §,-T, which enable him to 
interrupt the current sent to the treadles: 
by repeating this operation of interrup- 
tion several times he displaces the arm of 
the small semaphore in the locomotive 
cab relating to the track in question, al- 
ternately from the position for « line 
clear » to that of absolute stop in such 


manner as to attract the attention of the 
driver. It is a question of the indication 
to be given to the driver to order him, 
if he has stopped his locomotive on the 
treadle D, to proceed as far as the tread- 
les E or FB’, but without over-running 
them. Finally it is evident, as shown by 
the scheme of electric connexions given 
in figure 7, that the direction of the 
current sent to the treadles is respectiv- 
ely positive if the levers H,-A, are oper- 
ated and negative if the levers H,-A, are 
worked. 

The case has been shown here of a 
double track junction; but it is quite 
evident that the same arrangement might 
be adapted to any number of tracks what- 
ever, by merely increasing the number 
of small semaphores S, and of groups of 
electro-magnets corresponding to these, 
as well as of the electro-magnets E,-K,, 
and the levers for operating the signals 
in the cabin with the corresponding track 
circuits. 

There is no need here to make any 
criticism of this apparatus which is cer- 
tainly very ingenious and satisfactory in 
working. However, it should be noted 
that the administration of the North 
Eastern Railway recognizes that the great 
number of failures that have arisen dur- 
ing the period of the trials has been 
caused by the breakage of the contact- 
pieces, whereas others have been caused 
by the rupture of the connexions, or by 
the formation of ice on the treadles. 

In all the repeating appliances that we 
have described hitherto the mechanical 
portion is limited exclusively to causing 
the action of the electric portion which 
forms the most important part of the 
apparatus. There is another class of 
electro-mechanical apparatus in which 
the most important part is the mechan- 
ical gear; it should be remembered that 
there should be included amongst appli- 
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ances of this class the Syx (*) apparatus, 
which has been tried on the Great East- 
ern Railway System. 

It must be admitted that the Syx ap- 
paratus is very ingenious and complete 
with regard to solving the problem of 
constructing a repeating apparatus, me- 
chanically rather than electrically oper- 
ated, and has met with considerable suc- 
cess in the effort to overcome very many 
difficulties by satisfying the main con- 
ditions to be met in the greater part of 
the working requirements. There is no 
need here to make a critical examination 
of this apparatus : practice will show to 
what extent it has been able to eliminate 
the disadvantages which have already 
been found and which are present in 
almost all mechanical and electrical ap- 
paratus. 

We will terminate this series of des- 
criptions of the electro-mechanical re- 
peating appliances in actual use to-day, 
or only in course of trial by the various 
railway administrations, by giving a short 
description of the Buell repeating system 
tested on the Southern Railway System 
of the United States of America and the 
Reliostop system adopted by the Great 
Central Railway of Great Britain. 

The conditions met by the Buell system 
require that the train should be stopped 
automatically, but the driver is free to 
take the brakes off, after they have been 
applied, by pressing a push-button in the 
cab : in this manner the locomotive is 
always kept under the control of the 
driver. In this system there are no strik- 
ing levers or contact treadles; it is closely 
connected to the automatic signalling sys- 
tem installed on the track, but it can also 
be adapted to hand-operated signals. 
Derangements of essential parts of the 


(1) See Bull tin of the Int-rnational Railway 
Asso.iation, November 1921, p. 1939. 


apparatus, or failures of any kind, or 
even want of current, are immediately 
shown on the locomotive by the auto- 
matic application of the air brakes. The 
system will work at any, and even at very 
great speeds, and it is independent of 
bad weather. The apparatus used during 
the trials was so adjusted that application 
of the pneumatic brakes occurred about 
2500 ft. (750 m.) before any obstacle, 
or block section under abnormal condi- 
tions; nevertheless, even at very high 


speeds, the train will continue running 


without interruption if the driver acts 
immediately by pressing on the push- 
button in the cab; a special arrangement 
records his action in this event. 

The apparatus arranged in the loco- 
motive cab does not prevent the driver 
from carrying out the ordinary braking 
operations that may be necessary during 
the running of the train; the working of 
the brakes and their efficiency are not 
diminished; the apparatus can work, 
moreover, for either directions in which 
the train may be run. 

The object which the inventor of the 
Buell system had in view was to obtain 
as perfect an appliance as possible acting 
in agreement with the fixed track signal 
system, in such manner that each system 
should supplement the other. It would 
have been of interest to publish complete 
diagrams showing the working of this 
apparatus with drawings and photographs 
of the appliances; the administration of 
the Southern Railway System, however,. 
was not able to comply with our request, 
because the final form of the Buell sys- 
tem had not yet been made public as the 
trials had not yet .been completed. 

In order to, effect the actual repetition 
in the cab of the indications of the track 
signals many arrangements were tried ; but, 
in general, the system adopted in almost 
all the trials BEM of coloured lights 
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accompanied by a small pneumatic 
whistle. Recording was obtained by 
means of a diagram or of a simple paper 
strip, moved at uniform: speed and per- 
forated by a pin actuated by air supplied 
from the brake-pipe; the apparatus is so 
arranged that it is not possible to apply 
the brake after the signal is repeated in 
the cab without recording the fact. It 
can be arranged that the paper strip on 
which the record is made can be marked 
either so that the driver can see the record 
made or that this is done out of sight. 
The general working of the apparatus is 
ensured by means of electricity and com- 
pressed air, and it has proved fairly 
satisfactory; the administration of the 
Southern Railway System has informed 
us that the disadvantages that have been 
found during the trials have been ex- 
clusively produced by failures in the 
electric connexions or in the joints, caus- 
ed by the action of hot cinders or by a 
momentary interruption of the current : 
in any case, the result of the trials has 
been on the whole satisfactory. 

The Reliostop system, tried on the 
lines of the Great Central Railway sys- 
tem in England, is based, as we have 
already said, on the following principle : 
it is required that complete repetition of 
the fixed track s'gnals in the locomotive 
cab, should be avoided and it is only re- 
quisite that the driver shall be given 
warning in time of his approach to sig- 
nals in order that he may himself be able 
to observe them. 

The arrangement carried on the loco- 
motive Gonsists of a suspended striking 
lever which works a small valve; the air 
passes through this valve by the action of 
a second valve fitted with a diaphragm on 
the main train-pipe and at the same time 
a siren is caused to sound and give a 
sufficiently clear warning to the driver. 
When the striking lever has been displac- 


ed by the contact treadle in the track it 
does not return to its normal position 
until the driver takes action by means of 
a cylinder with a diaphragm which, by 
means of a valve, communicates with the 
main train-pipe or with the vacuum re- 
servoir. The arrangement is, moreover, 
fitted with a small easily-broken wooden 
strip. compressed between two spring: 
supports; when this piece of wood is 
broken as the result of meeting the fixed 
apparatus in the track a small valve is 
opened sending air to a second valve with 
a diaphragm of sufficient size to destroy 
the vacuum in the train-pipe and thus to. 
produce full application of the brakes.. 
This only happens when an absolute stop 
(home) signal has been run past at 
danger by the train to which it refers.. 
In this case, in order to take the brakes 
off, it is necessary to replace the strip of 
wood that has been broken and this en- 
tails the stoppage of the train: 

It should also be noted that the appli- 
ances on each locomotive comprise two: 
striking levers and two. easily broken 
stnips of wood, there being a striking 
lever and a strip of wood on each side. 
It is not necessary to adjust the position 
of the levers and of the breakable parts; 
it is however possible to check their posi- 
lion from time to time by using suitable 
gauges. With the object of causing par- 
tial application of the brakes a short 
treadle is arranged on the track, about 
two feet long, horizontally in the six foot 
way. In order to make a full application 
of the brake a special apparatus is ar- 
ranged in connexion with the stop signal, 
consisting of a vertical shaft the upper 
end of which carries a horizontal arm, 
which, being given a rotative movement 
when the signal is changed from « line- 
clear » to « stop », turns through 90°. 
Consequently when the signal stands at 
« line-clear » this arm is parallel with 


the track; when, on the other hand, the 
signal stands at « danger », it is at right 
angles to the rails so that it breaks the 
wooden strip, carried on the locomotive, 
when it comes into contact with it. The 
working of the apparatus depends also 
entirely on that of the fixed apparatus, 
arranged on the track, the working of 
which is checked by an electnic circuit 
running through the signal cabin; never- 
theless, it is evident that any failure 
either of the track apparatus, or of that 
carried on the locomotive, would prevent 
the application of the brakes. 

The administration of the Great Cen- 
tral Railway, however, states that the 
working of the Reliostop has been quite 
satisfactory and makes the observation 
that it works even at the highest speeds 
and is independent of all weather con- 
ditions. 


CHAPTER VI. 


Electro-magnetic repeating apparatus. 


It follows from the brief description 
that we have made of the chief repeating 
appliances adopted, or merely tested by 
the administrations which have replied 
to our list of questions, that one of the 
most delicate elements in the problem is 
without doubt the contact between the 
part that moves with the locomotive and 
the fixed part arranged on the track. It 
is perhaps from this consideration that 
some inventors have made trials for solvy- 
ing the problem with an arrangement 
that, while making no actual contact be- 
tween the fixed part and the moving 
part, yet produces, in a simple, sure and 
positive manner, the repetition of the fix- 
ed track-signals in the locomotive cab; 
and it is essentially with the object of 
eliminating any form of contact that 
these inventors have endeavoured to sub- 
stitute electric, or electro-mechanical or 


electro-magnetic action for mechanical 
action. Those repeating appliances which, 
by the use of electro-magnetic waves, 
possess the merit of having reduced to 
the minimum the risks due to mass, ve- 
locity and inertia belong to this class of 
electro-magnetic appliances. 

One of the first trials of apparatus of 
this class was made with the Perry-Pren- 
tice system, the trial of which gave good 
results on the London & South Western 
Railway; this apparatus was not however 
adopted on account of its high cost. As 
is well-known, the scientific basis of this 
system and of all other systems of this 
class, is the discovery made by Hertz that 
the presence of an oscillating current in 
a circuit having capacity and self-induc- 
tion gives rise to disturbances in the sur- 
rounding ether which are known as elec- 
tro-magnetic waves. Under the action of 
these waves a tube filled with metal fil- 
ings, ordinarily known as a coherer, be- 
comes a good conductor of electricity 
when it comes into the zone of the waves 
or is subjected to appreciable change in 
its electrical resistance. 

The Perry-Prentice system consists of 
two groups of apparatus, one of which is 
placed on the track and the other on the 
train. The principal details of the first 
group. are: the track circuit and the 
waye-producer or oscillator. The method 
of controlling the waves by the relay in 
the track circuit can be easily understood 
by examining the diagrams relating to 
three successive block sections. The gen- 
erating appliance, that is the wave-pro- 
ducer or oscillator, comprises (fig. 8) the 
transformers T, the condensers C, and 
the discharge knobs P-P. An appliance 
of this kind is arranged at the end of 
each block section; from this point leave 
two wave-carrying wires W, one in each 
direction. 


These wave-carrying wires W are ac- 


- to 2200 volts. 
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tually identical with antenne folded down 
into the horizontal plane and running 
over the whole length of the two contigu- 


ous sections. Along each section there - 


are two wires H-G, the one running from 
the end H and the other from the end G; 
if the line is a double track each of its 
wires serves for one track, whereas if the 
line is a single track they both serve for 
the same track, one wire for each direc- 
tion of traffic. The alternating current 
used for generating the waves is supplied 
to the distributing lines at a tension of 
440 volts; the transformers T raise this 
The successive discharges 
between the knobs P-P, which are con- 
nected to the secondary winding V of the 
transformer, (the fundamental condition 


L 
i a being necessarily realized) - pro- 


duces the necessary oscillating current 
for giving rise to the electro-magnetic 
waves in the ether surrounding the track 
antenna or wire W, and a second wire U 
— or disengaging antenna —, which we 
shall describe presently. 

Moreover, all the block sections are 
supplied with the ordinary type of track 
circuit, comprising a group E of batteries 
and a relay R; the antenne W and U are 
fixed to the armature of the relay and 
connected to the wave-producer when the 
relay is excited. It is obvious that under 
these conditions the antenne W and U 
of a section carry current and produce 
electro-magnetic waves except when the 
section beyond is occupied by a train; 
in which case a short-circuit would be 
formed, the resistance through the train 
being negligible as compared with that 
of the relay R. Hence normally, that is 
to say when the section beyond is clear, 
the track circuit is completed through the 
relay R and the antenne are connected 
to the wave-producer; on the other hand, 
if the section beyond is occupied and 


consequently the track-signal is at « dan: 
ger », or if any derangement has occur- 
red, the antenne cease to be in commu- 
nication with the wave-producer. It is 
therefore evident that the working of the 
apparatus is positive. : 


It is, of course, essential that the an- 
tenna W should be insulated from the 
track; it is preferably placed in the 
centre of the track running along the 
middle of the sleepers as shown in fig- 
ure 8a. For this antenna an iron wire 
2.9 mm. (0.444 inch) in diameter may 
be used, and it can be enclosed for pro- 
tection and insulation in a covering of 
any convenient form. The maximum 
length of the antenna that: can be charged 
by a single wave-producer can be measur- 
ed by miles, and it is therefore evident 
that the length of the block section de- 
pends only on the requirements of the 
service, and that the system is sufficiently 
elastic to satisfy practically all the con- 
ditions of ordinary practice. 

When this antenna, running over the 
whole length of the block section,, is 
charged, as we have already said, with an 
oscillating current of very high frequen- 
cy, it becomes the centre of a series of 
concentric impulses extending outwards 
and having a constant radius of influence 
at all points on the wire. It is a question 
of a system of electro-magnetic waves 
which establishes a real non-material 
connexion, but one that actually exists 
between the track antenna and the reson- 
ator circuit carried on the train with its 
receiving antenna and its coherer. The 
field of influence of the waves produced 
has, of course, a very variable radius, 
but it is obvious that this depends entir- 
ely on the quantity of energy used in the 
wave-producing circuit. 

This range of action must not be over- 
looked, because it is essential to ensure 
that a train running on one track should 
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Fig. 8f. Fig. 8¢. 
Figs. 8a to 8f. — Perry-Prentice cab-signalling apparatus. 
Explanation of Italian terms: Sezione A... B... C... = Section A... B... C... — Antenna di trasmissione = Transmission antenna. — Linea 
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not receive the indication intended for a 
train running on the other track; and, 
moreover, that a train running in one 
direction should not be influenced by the 
action of a wave intended for another 
train running in the opposite direction; 
for this reason the dimensions of the 
wave-producer are so chosen as to elim- 
inate any risk of this occurring. 

The second group of apparatus of the 
Perry-Prentice system, the group install- 
ed on the train, comprises, apart from the 
controlling or automatic stopping gear, a 
local circuit (fig. 8b) passing through 
two coherers (fig. 8c) to which are at- 
tached two horizontal antenne arranged 
parallel to the longitudinal axis of the 
locomotive at a suitably selected point 


-about 20 em. (8 inches) above the rail 


level. 

The waves sent out by the wire W act 
on one of the antenne making the cor- 
responding coherer D a good conductor; 
similarly the waves sent out by the dis- 
engaging wire U make the coherer D’ of 
the second antenna a good conductor. 
The disengaging: antenna U is arranged 
parallel to the wave-wire W over a short 
length, starting from the end of each 
block section; we shall explain later the 
functions and working of this disengag- 
ing antenna, by tracing the running of 
the train through the block sections 
shown in figure 8a. The brake-operat- 
ing apparatus, or automatic stopping 
gear, consists, in its complete form, of 
the following -parts (figs. 8a to 8¢) : 


4° A steam-pump with its piston, the 
crosshead of which is in one piece with 
a rack, gearing with a pinion, which 
causes the coherers to rotate; these make 
a half-revolution for each stroke of the 
pump piston, thus occupying two differ- 
ent positions (fig. 8c). In the first of 
these positions the coherers come under 
the influence of the waves as good con- 


ductors of current and the circuit is 
closed; in the second, even under the 
influence of the waves, the circuit is 
interrupted; 

9° A horizontal oil-pump ; 

3° A connecting-rod, which couples the 
piston of the oil-pump to that of the 
steam-pump; this connecting-rod is coup- 


_led at one end to the piston of the oil- 


pump whereas the other end remains free 
to rise or fall in such manner that at the 
end of its up-stroke it engages with the 
piston of the steam-pump, and the two 
pumps work together; on the other hand 
at the end of its down-stroke the pumps 
are not coupled. Under normal condi- 
tions this connecting-rod takes up two 
positions according to the movement of 
the piston of the steam-pump; the ap- 
paratus being so arranged that when this 
piston makes a stroke the coherers are 
in the position corresponding to maxim- 
um conductivity and the electro-magnet 
circuit is closed; the armature K is then 
attracted and the end of the connecting- 
rod may, by means of an arrangement of 
cams, be made to engage with the cross- 
head of the steam-pump. The pumps are 
thus coupled at the end of a forward 
stroke of the piston; it is during the 
return stroke of the piston that the oil- 
pump is brought into action and makes 
the two forward and backward strokes. 

Now let us suppose the wave-product- 
ion to stop. In this case the coherers 
no longer become good conductors and 
the exciting circuit of the electro-magnet 
is no longer closed; consequently the oil- 
pump ceases to work; 

4° An oil reservoir and a cylinder in 
which a piston works vertically; while 
the horizontal oil-pump is driven by the 
steam-pump the oil, in the two periods 
corresponding to the two strokes of the 
piston of the oil-pump, is driven back 
from the cylindrical reservoir into the 
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cylinder in such manner that the piston 
of the latter may be retained in its upper 
limiting position. It is evident that dur- 
ing the period for which the oil pump 
is not working, corresponding to the for- 
ward stroke of the steam-pump, the pis- 
ton of the vertical cylinder should, owing 
to its weight and under the action of 
forces which, as we shall explain later, 
act on it, return the oil to the reservoir; 
but the overflow, the dimensions of the 
vertical cylinder and the speed of the 
pump are so adjusted that the piston is, 
so to speak, maintained steadily in its 
extreme upper position, only making 
very short movements during the period 
of time necessary for the oil-pump to 
force oil into the cylinder. This time, 
moreover, is very short because the steam- 
pump makes one stroke every two sec- 
onds without stopping, and consequently 
the piston of the vertical cylinder may be 
considered, under normal conditions, to 
be practically stationary. 

If on the other hand the oil-pump 
were to stop working the piston would 
come down little by little, under the 
action of the piston of another cylinder 
to which it is connected, as the oil below 
is returned to the cylinder in connexion 
with the reservoir. Actually, amongst 
the details of the controlling apparatus, 
there is also a cylinder communicating 
with the brake train-pipe, with the warn- 
ing whistle, and with the exhaust; in this 
cylinder there is a piston which can move 
to and fro and uncover the port of the 
train-pipe putting it into communication 
with the whistle-pipe and the exhaust, 
when the pressure of the compressed air, 
which acts continuously on one of its 
faces, no longer acts in opposition to the 
balancing effect of the piston of the 
vertical cylinder. Of course this action 
is not instantaneous, but it takes place 
gradually, as the oil is pushed out of the 
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vertical cylinder into the reservoir, and 
the working of the apparatus is such 
that the driver first of all receives’ a 
warning by the whistle, and, not until a 
little after the whistle has blown, does 
the gradual application of the brakes 
begin. It must be noted that the work- 
ing depends entirely on the adjustment 
of this apparatus, so that, immediately 
after the waves have ceased to pass, the 
piston of the steam-pump makes one for- 
ward stroke; otherwise it might happen 
that the apparatus would remain conti- 
nuously at work. 


The inventors, moreover, have sought 
to modify the apparatus in such manner 
that the driver can release the brakes, 
even when waves are not being produced. 
To do this it is merely necessary to pull 
over a lever, the end of which engages 
with the rod of the piston P only when 
the latter is in its extreme position to 
the left as shown in figure 8/; this can- 
not happen if the brakes have not work- 
ed; the movement of the lever allows the 
piston P to move until it has closed the 
exhaust port, whereas the port connect- 
ing to the whistle-pipe remains full open, 
because the return stroke of the piston P, 
could only be completed if the oil-pump 
again began to work, and consequently 
if the waves were again produced. 

Notwithstanding this, so long as the 
driver continues to receive the warning 
of the whistle until the line is cleared he 
should continue to run with caution. In 
fact when the wave-production ceases, the 
piston P is displaced and interrupts the 
circuit of the electro-magnet by means ot 
a mercury cut-out; the operation by the 
driver of the lever for taking off the 
brakes does not allow this cut-out to be 
closed, otherwise the piston P could com- 
plete its return stroke and no further 
warning could be given for running with 
caution. However, when the wave-pro- 
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duction again begins, although the cohe- 


rer D again becomes a good conductor 
the circuit is open, and, in order to close 
it, it is first of all necessary to allow the 
piston P to make its return stroke, which 
is possible if the electro-magnet is other- 
wise excited. With this object a shunt 
circuit is used, which is closed by the 
action of the coherer D’ which has been 
rendered a good conductor by the waves 
thrown out by the antenna U; it is on 
account of performing this function that 
the wire U is given the name of the un- 
locking antenna. 

Space does not permit us to enter 
into greater detail of this apparatus; but 
it is doubtless evident that, even leaving 
out of question the general idea on which 
it is based, it shows many advantages 
and chiefly : 

4° A normally closed circuit and con- 
sequently essentially positive working; 

9° Gentle and progressive application 
of the brakes; ; 

3° Continuous warning for running 
with caution during the whole time ne- 
cessary for giving the indication of line 
clear ; 

4° May be substituted for the automatic 
block system. 


It must, however, be noted that the 
safety of working of the system is always 
dependent on the use of numerous hat- 
teries; actually these run the risk of 
becoming run down when they are plac- 
ed on the ground and of becoming polar- 
ized when they are placed on the loco- 
motive. Moreover, the installation of 
such a system on a large scale, would, 
without doubt, be very costly and the 
expense for its maintenance would also 
be very high, particularly on account of 
the delicate nature of the apparatus used 
on the track, such as the transformers, 
the condensers, etc. 

Finally the system has certain other 


disadvantages; for example it does not 
appear that provision has been made for 
the case of trains running on a track in 
a direction opposite to the usual direction 
of running; and it does not appear to be 
certain that the apparatus would work 
quite regularly in the case of atmospheric 
disturbances. 

The Belgian State Railway made trials 
in 1904 of an arrangement invented by 
the Belgian Vital and the Italian Guarini 
which is, in principle, exactly similar to 
the Prentice apparatus, because its work- 
ing is also based on the use of electro- 
magnetic relationship; the two appli- 
ances only differ from each other: in 
certain constructional details. 

In this system a high-frequency cur- 
rent flows through a wire placed along- 
side the line; a circuit comprising a 
solenoid carried on the locomotive re- 
ceives the alternating current from the 
field produced by the current when the 
line is clear, in such manner that the 
variation in this flow gives rise in the 
circuit to electro-magnetic forces and to 
alternating currents. A very sensitive 
relay is arranged in the same circuit with 
the solenoid, the armature of which 
closes when it is attracted, a local second- 
ary circuit excites an electro-magnet; the 
armature of which operates a visual or 
audible signal which repeats the indica- 
tions of the track-signals to the driver. 

The « danger » condition is evidenced 
by the reduction of the alternating cur- 
rent to a minimum; with this object 
wherever a signal is placed the line wire 
has two alternative circuits : the one 
works normally parallel to the rails, and 
the other is a shunt. When the signal 
stands at « danger » a switch sends the 
primary current through the shunt cir- 
cuit in such manner as to reduce the 
flow in the solenoid circuit on the loco- 
motive almost to zero. 
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Even after allowing for the same ob- 
jections as those raised to the Perry- 
Prentice system, it is very evident that 
the most delicate portion of the appara- 
tus is the relay for detecting the waves, 
the armature of which closes the second- 
ary circuit; in fact it must be of extreme 
sensitivity on account of the small 
amount of energy available; this has pre- 
vented a suitable relay from being found 
up to the present for the work to be done 
in the locomotive cab. 

The future alone will show whether the 
work of Messrs. Kapp & Kramer, in- 
ventors of the system known under the 
name of the Railophone will enable this 
very difficult problem of the repetition 
of signals to be solved in a really prac- 
tical manner; in fact the essential and 
original part of the invention of Messrs. 
Kapp & Kramer consists in the extremely 
sensitive KK relay, constructed in such 
manner as to be affected only by the 
frequency for which it has been adjusted. 

To sum up : all the systems. of this 
kind encounter two important difficul- 
ties : 

1° The necessity for the constant main- 
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tenance of a high-tension and high-fre- 
quency current over the whole length of 
the lines; 

2° The construction of a relay, which, 
not being too delicate, shall be suffi- 
ciently sensitive, and which can be ad- 
justed so that it is affected only by the 
frequency adopted for the primary cur- 
rent. 


It is not impossible that by research 
and improvements in wireless telegraphy 
and in the technology of corresponding 
appliances success may some day be at- 
tained in the solution of the problem of 
repeating signals; but at present one 
must have no illusions as to the practical 
value of any system based on wireless 
telegraphy. 

We shall conclude this chapter with a 
summary of the repeating system based 
on the use of diamagnetic rails of man- 
ganese steel, known under the name of 
The Horn and Crane Automatic Stop. The 
diagram (fig..9) shows the installation 
of the fixed portion of the arrangement 
on the track. In one of the track-rails, 
and at suitably selected places near to 
stop signals, short lengths of manganese 
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Fig. 9. — The « Horn & Crane » cab-signalling apparatus. 


Explanation of Italian terms: Rotaia al manganese = Manganese steel rail. — 4 Elettromagneti fissati esternamente alla 
rotaia = 4 fixed electro-magnets outside the rail — Relay di via = Track-relay. — Circuito di via = Track-circuit. 


steel rail are arranged having a length 
of 6 feet each and consisting of 88 % 
iron with 12 % manganese. At each of 
these places there are also arranged four 


electro-magnets which are only excited 
when the section beyond is clear. An 
electro-magnet is suspended laterally 
from the locomotive frame and works in 
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conjunction with the fixed electro-ma- 
gnets on the track; this electro-magnet is 
provided with a bi-polar core, one pole of 
which is normally attracted in such man- 
ner as to remain in its extreme lower 
position in consequence of the action of 
gravity and of the magnetic attraction 
produced by the ordinary steel rails, the 
attraction of this pole of the core causes 
the brake valve to remain closed. 


The arrangement works in the follow- 
ing manner : the core of the electro-ma- 
gnet, carried on the locomotive, when it 
is in its lowest position is about one 
inch above the rail level and on the out- 
side of the track; the coil of the electro- 
magnet is continuously excited by a local 
circuit, which is kept closed, derived 
from a battery carried in the cab of the 
locomotive. 


The magnetic attraction between one 
of the poles of this core and the ordinary 
rails produces a rotational movement of 
the electro-magnet from the outside to- 
wards the inside of the track against the 
resistance of a spring; it is on account 
of this movement of rotation that the 
contacts controlling the position of a 
valve on the main train-pipe remain nor- 
mally closed. When on the other hand, 
the locomotive runs over a manganese 
steel rail, the movable electro-magnet is 
no longer attracted and consequently 
through the action of the spring it is 


given a movement of rotation from the - 


inside towards the outside of the track, 
which causes the opening of the circuit 
controlling the brake-valve. Moreover, as 
we have already stated, the armature of 
the electro-magnet is supplied with a 
second pole, which is attracted by the 
electro-magnets carried on the track 
when these are excited, that is to say 
when the section beyond is clear. In 
this case the action of the spring, which 
tends to produce a movement of rotation 


of the electro-magnet towards the out- 
side of the track, is again balanced; a 
local circuit on the locomotive, shunted 
from the circuit controlled by the other 
pole of the armature which actuates the 
brake-valve, then remains closed. In this 
manner it is possible to prevent the ef- 
fects of the rotation of the electro-magnet 
when the locomotive runs over the end 
of a manganese steel rail. 


The portion of the appliance carried 
on the locomotive consists of a battery, a 
maximum cut-out and an electro-magnet 
actuating a valve admitting compressed 
air to the brake cylinder; this electro- 
magnet is controlled by the two poles of 
the movable electro-magnet. 


These parts work in the following man- 
ner : when a locomotive runs over the 
first manganese rail, if the section to 
which the track signal refers is occupied, 
the electro-magnet mentioned is demag- 
netised and the valve admits compressed 
air to the brake cylinder; this in turn 
actuates a second valve arranged on the 
brake train-pipe and the whole is so ar- 
ranged as to stop the application of the 
brake at the end of a previously -deter- 
mined period of time. This provision 
enables the apparatus to play the part 
also of a speed-reducing gear. Actually 
the brake cylinder is synchronized with 
the driving cylinders; consequently the 
apparatus has not the time necessary to 
stop the application of the brake until 
after the speed had been reduced. With 
this object the manganese steel rail sec- 
tions are suitably arranged at a distance 
of about 250 to 500 feet from each other ; 
furthermore the sections 3-3’ are shorter 
then the sections 2-2’, and these are them- 
selves shorter than the sections 1-1’. In 
this manner it is ensured that the speed 
shall always be reduced on approaching 
the danger zone. If for example, the 
driver after having passed section 1 has 
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reduced the speed before running through 
section 1’ the synchronized cylinder may 
stop the application of the brakes; but 
if, on the other hand, the speed has not 
been sufficiently reduced, the cylinder 
will not have time to act and the auto- 
matic application of the brakes will con- 
tinue. The sections 2-2’, 3-3’, represent 
obstacles of continuously increasing dif- 
ficulty during the running of the train 
towards the danger point for they prevent 
any acceleration between one series of 
sections of manganese rail and the series 
beyond it. ; 

It may sometimes happen, as for 
example at crossings, that it is necessary 
to wse manganese steel rails in order to 
reduce wear; in this case, in order that 
the system may still work, it is necessary 
to fit auxiliary electro-magnets on the 
locomotive shunted from the circuit of 
the main electro-magnet; this shunt is 
normally interrupted. But if alongside 
the sections of manganese steel rails, 
which do not form part of the cab- 
signalling system, steel bars of a suitable 
length are laid, these will act on the poles 
of the auxiliary electro-magnets and close 
the shunt circuit before the main circuit 
has been interrupted. 


CHAPTER VII. 


Conclusions relating 
to cab-signals on locomotives. 


The programme of the Italian State Railways 


From the examination which we have 
made of the principal appliances for 
repeating fixed track-signals in the loco- 
motive cab it follows that these may be 
grouped in two main classes. The first 
is based on the following principles : the 
repeating of all fixed track-signals and 
of their indications; automatic working 
of the brakes and recording of omissions 


on the part of the driver; the second, on 
the other hand, is based on the simple 
repeating of some or of all the signals 
accompanied by recording the omissions 
of the driver or not, but without any 
automatic application of the brakes. 

On the very controversial question of 
the automatic application of the brakes 
we think that the apparatus which is con- 
fined to repeating the indications given 
by the track-signals, may work in parallel 
with the attention of the driver, so that 
the combination of ‘the probabilities of 
error in each of the two factors may give 
a lower total probability; on the other 
hand, the apparatus fitted with automatic 
brake-applying gear tends to exclude the 
human factor by substituting the proba- 
bility of the error due to the apparatus 
for that due to the driver, which latter 
might. be the lower. 

There are, moreover, some practical 
difficulties still encountered in the au- 
tomatic working of the brakes. 


Not all trains are provided with con- 
tinuous brakes and even though they 
should be so fitted it happens that on 
nearly all railway systems different types 
of brakes are in use. Moreover, the prob- 
lem is difficult of solution if gradual 
application of the brakes is to be obtain- 
ed, at all speeds of the train, in such 
manner as to avoid dangerous shocks to 
the passengers and stresses which would 


prove destructive to the rolling-stock. It 


must also be noted that experience with 
the chief repeating systems comprising 
automatic braking has shown that cases 
frequently arise of incorrect application 
of the brakes owing to many causes, such 
as the presence on the track of heaps of 
cinders or of clinker. 

Finally the direct operation of the 
brakes by the driver enables him to vary 
the speed of the train according to the 
arrangements of the track-signals on the 
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one hand, and the conditions of the track 
on the other hand, in the most satisfact- 
ory way. With regard to this, attention 
may be drawn to what frequently hap- 
pens in all signalling systems : that is to 
say, that the driver receives warning of 
« danger » at the distant signal, and that 
after passing it the home signal is pulled 
off and gives him the indication « line 
clear ». Objection might be raised that 
in this case the arrangement could be so 
devised as to enable the driver to prevent, 
or annul, the action of the brake : but it 
must be remembered that if this were 
done it would merely result in an in- 
version of the risks of danger arising 
from the possible inattention of the driv- 
er. 

To sum up, it must be recognised that 
it is necessary to guard against the pos- 
sibility, which is of somewhat frequent 
occurrence, that the driver may not see 
the indications given by the signals, and 
for this reason to instal an effective sys- 
tem of cab-signalling; but we have how- 
ever the right to assume that he will obey 
the indications given to him. 

It is by admitting the possibility of 
inattention on the part of the driver, and 
as a safeguard against this possibility, 
that some administrations have adopted 
automatic working of the brakes; but it 
appears to us that this does not afford 


the absolute security of working that is 


desired, because this measure involves all 
the other disadvantages that have been 
mentioned above, amongst which the 
most serious is the reduction in the at- 
tention, given by the driver to the track- 
signals, : 

With regard to the class of track-sig- 
nals which should be repeated as cab- 
signals it is evident that the reply to this 
question depends directly on the method 
adopted for solving the question of au- 
tomatic braking. 


In fact, if we confine ourselves exclu- 
sively to the simple repetition of the 
signals, it appears practically sufficient 
to repeat the distant signal only, for, ac- 
cording to its indication, the driver will 
generally find no difficulty in observing 
the corresponding home signal nor in 
obeying the indication which it gives 
him; it is moreover possible, by repeating 
the distant signal only, to avoid many 
complitations in the construction and 
maintenance of the apparatus. Finally, 
it is evident that it is not sufficient to 
give warning on approaching a distant 
signal; but it is necessary to repeat its 
indication, whether « line-clear » or 
« danger », as it may sometimes happen 
that the driver has not had time himself 
to observe the track-signal. 

On the other hand, if it is desired to 
add the automatic action of the brake to 
repeating the signals, it appears advisable, 
with the object of avoiding a portion of 
the disadvantages mentioned, to adopt the 
repeating either to the distant signal or 
of the stop signal and to provide at the 
same time for each of the two classes of 
signals respectively by slowing or stopp- 
ing by means of the brakes. 

On the whole it would appear that the 
best course is to adopt those apploances 
which are limited to repeating as cab- 
signals the indications of the distant sig- 
nals only, without any form of automatic 
braking. Of course, it would be necess- 
ary to require that a perfect guarantee of 
the working should be ensured, and that 
it should in all cases be positive, in order 
that any failure or derangement of the 
apparatus, or uncertainty of the position 
of the track-signal, should show as « dan- 
ger » on the cab-signal. 

What are the methods by which this 
repeating can be ensured? 

It is usually done by audible methods; 
as on the Belgian State Railways, the 
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Great Central Railway, the Great Eastern 
Railway, the Great Western Railway, and 
the North Staffordshire Railway. Some- 
times, on the other hand, it is done by 
visual methods, as for example on the 
Southern Railway System of the United 
States of America; sometimes, again, it is 
done by visual and audible methods com- 
bined in some way; as on the London & 
South Western Railway, North Eastern 
Railway, New South Wales Govérnment 
Railways and Roumanian State Railways. 


In this last case attempts are generally 
made, by the use of the two systems, to 
attract the attention of the driver more 
powerfully when the track-signals stand 
at « danger ». In fact the idea of effect- 
ing the repeating by visual signals has up 
to the present been looked on by tech- 
nical men with a dislike as great as it is 
injustifiable. In fact, with a view to 
preventing any distracting of the atten- 
tion of the driver, it has been almost 
unanimously held that audible methods 
are the most suitable because they attract 
the attention of the driver while allow- 
ing him freedom to observe the track-sig- 
nals which it would doubtless have been 
impossible to do when using a visual cab- 
signal. 

It was, moreover, thought advantageous 
to repeat the signals to all the employees 
on the train af the same time as to the 
driver. To do this a very powerful au- 
dible signal was required, as for example 
powerful sirens, or compressed air 
whistles, the noise from which would be 
clearly perceptible even in the rear van 
of the train or even on a bank-engine at 
the rear of the train. In order to meet 
this condition some administrations have 
adopted very powerful audible signals, 
but, on account of the frequency with 
which the signals were repeated, the sys- 
tem was soon found to bé a source of 
annoyance to the passengers and it also 


raised protests from the inhabitants liv- 
ing alongside the railway. The latter 
heard the whistles much better than did 
the train staff, who, notwithstanding the 
measures taken, were unable to hear the 
signals at all under certain specially bad 
atmospheric conditions. It is, perhaps, 
for this reason that audible signals have 
not come into general use; and exper- 
ience has shown that they cannot satisfy 
all the conditions that occur in practice. 


Quite recently the visual signals have 
attracted more and more attention from 
technical people. In fact it must be re- 
cognised that there is but one alternative: 
if it is absolutely necessary that the driver 
should keep a look-out on the track the 
principle of cab-signalling cannot be ac- 
cepted, but, on the contrary, if the neces- 
sity for assisting the attention of the driver 
is recognised — and we have already 
shown with regard to this that this is 
indisputable — then this assistance must 
be given in the most complete and most 
effective manner. In this second case 
we think that there is nothing more ef- 


‘fective than to place the visual repetition 


of the track-signals immediately under 
the eyes of the driver. If by chance it 
should happen, as we ‘have shown above, 
that the driver does not succeed in ob- 
taining the indications of the track-sig- 
nals or of the position of the signals 
themselves that is to say that he 
has missed observing the signal, what 
would be the value of an audible signal 
to him? This may be produced, at, the 
moment when his attention is already 
engaged in other matters that may, per- 
haps be very important and which it 
would be dangerous or at any rate irre- 
gular for him to neglect, particularly 
when the signals stand at « line-clear ». 
If, on the other hand, the signals are at 
« danger » it is evident that it is neces- 
sary to attract the attention of the driver 


—s 
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by more powerful means; we consider 
that it is advisable for this purpose to 
combine the visual with the au lible cab- 
signal with the one object of immediately 
attracting the eye of the driver to the 
visuai signal in such manner that, on 
seeing the « danger » indication, he can 
himself keep a look-out on the track if 
possible. Jt follows from this that au- 
dible repeating is an auxiliary duplication 
of visual repeating; this should be pre- 
ferred on principle, because it appeals to 
the sense of sight which is doubtless 
much more sensitive and better educated 
than that of hearing, and is a sense the 
activity of which does not become re- 
duced as the driver begins to get tired. 

For this reason we prefer the visual 
repetition both when the signal is at 
« line clear » and when it is at « danger » 
on the condition that it remains visible 


for a sufficient length of time; moreover, 


the visual cab-signal in the case of a 
signal at « danger » should be accom- 
panied by an audible cab-signal, the 
whistle of which can be stopped by the 
driver. 


From what we have just said it is evid- 
ent that the problem that we have briefly 
treated is very important for the safety 
of railway working; but that a large 
number of difficulties are encountered 
in its solution. 


Much progress has been made towards 
a practical solution thanks to the per- 
sistent efforts of the railway adminis- 
trations, mentioned above, and of many 
others of whom our distinguished col- 
league, Mr. Ferdinand Maison, the re- 
porter for France, will speak. It is not 
impossible that success will be found in 
this direction some day, but, to the pre- 
sent, it must be recognised that real prac- 
tical success has not yet been obtained. 


The Italian State Railways having rea- 


lized the great importance of this subject 
undertook investigations the result of 
which is summed up in the following 
statement, which comprises the technical 
conditions that the repetition of track 
signals as cab-signals on locomotives, in 
our opinion, should satisfy : 


4° The apparatus should repeat in the 
locomotive cab the indications of distant 
signals. It is not required, nor is it con- 
sidered desirable, that the apparatus 
should comprise automatic braking. The 
repeating should be visual both for « line — 
clear » and for « danger » and should 
remain visible for a sufficient length of 
time; it should, moreover, be audible in 
the case of a signal at « danger » and it 
should be possible for the driver to stop 
the audible warning. The apparatus 
should be so arranged as to set itself 
automatically to normal position each 
time, after it has been operated, in read- 
iness for giving a fresh warning; 

9° It is necessary that the apparatus 
should. be so arranged that any failure 
or derangement of the essential parts of 
the system and of their electric con- 
nexions, if these exist, or any uncer- 
tainty as to the indications given by the 
track-signal should cause the cab-signal 
on the locomotive to indicate « danger »; 

3° The apparatus should be so con- 
structed that it can be used equally well 
in the open air, in tunnels and on 
bridges; it should also be capable of 
being adapted both to lines worked by 
steam and to lines worked electrically, 
either by continuous or alternating cur- 
rent; 

4° It is essential that the apparatus 
can be easily adapted both to single tracks 
and to double tracks; in the latter case it 
is sufficient to arrange for the running 
of the trains in one direction only on 
each track. It is also necessary that the 
system should be capable of being adapt- 


ed to steam or electric locomotives whe- 
ther running in forward gear or in re- 
verse gear when hauling traffic; 

5° It is necessary that the details of 
the apparatus should keep clear of the 
construction gauge of the track and the 
loading-gauge of the train in such man- 
ner that the parts on the track may not 
be shifted or damaged by parts of the 
locomotives or rolling-stock; 

6° Whatever the type of apparatus may 
be, whether mechanical, electrical, electro- 
mechanical or electro-magnetic, it should 
be of simple and strong construction and 
completely protected from bad weather. 
The essential parts of the arrangement 
should be combined and protected in such 
manner as to avoid risk of damage. The 
contact between the parts carried on the 
locomotive and those on the track should 
be ensured even at very high speeds and 
it must not be made inoperative either 
by the ordinary vibrations of the loco- 
motive when running, or by the wear of 
the track or of parts of the locomotive. 
In the case of mechanical appliances the 
parts which ensure contact should be so 
arranged as to ensure perfectly complete 
and regular working of the apparatus 
for a sufficient length of time. The fix- 
ed part of the apparatus, arranged in the 
track, which is connected to the signai 
should not cause interference with the 
proper working of the signal nor should 
it add appreciably to the strain on the 
transmission gear of the signal. If, on 
the other hand, it is a question of elec- 
trical apparatus, preference will be given 
to arrangements in which the circuit is 
normally closed; 


7° If is not made an absolute condition 
that the apparatus should be recording. 
Appliances which enable recording to be 
performed easily for « line clear » and 
« danger » on the ordinary tachymetric 
diagram will be given consideration, as 


also will records on other diagrams if 
the locomotives are not fitted with speed- 
recorders. In this latter case the paper 
of the recording apparatus should be un- 
rolled proportionately to the distance run — 
by the driving wheels. The audible re- 
petition in the cab of the locomotive may 
be obtained by using the continuous 
brake train-pipe, provided that this does 
not produce automatic stoppage of the 
train. 


It should be noted that the statement 
of which we have given a résumé is not 
put forward as absolutely definite; it 
might be modified to some extent by the 
particulars of the results of practical ap- 
plication laid before us. Moreover, it 
should be remembered that it has been 
drawn up with the object of serving as a 
guide to inventors regarding the condi- 
tions to be met. As the result of dis- 
cussions held with the firms manufactur- 
ing these appliances we shall shortly 
commence comparative trials with the re- 
peating apparatus known under the name 
of « The Audible Railway Signal » of the 
Great Western Railway, with the « Syx » 
electro-mechanical. apparatus and with 
the Augereau radio-telegraphic apparatus. 
From the results of these trials it may 
be possible to determine which will be 
the best direction to follow with the view 
to obtaining more general and system- 
atic application of cab-signalling. 


CHAPTER VIII. 


Recording running speeds. 


The problem of speed-recording and of 
indicating the speed to the driver in the 
cab of the locomotive is also to some 
extent allied to the problem of cab-sig- 
nalling. Its importance is so great that 
it soon attracted the attention of the 
technical staff, and the question was ra- 
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pidly solved by the adoption of special 
appliances either for showing and re- 
cording the speed or for showing it only 

There was one cbjection only to 


these : in fact the principal objection © 


that was made to these appliances 
was that they were too expensive and 
that it was feared that their mainten- 
ance and the checking of the record-strips 
might involve expenditure out of pro- 
portion with the object in view. But, 
on the other hand, as against this ob- 
jection, and in favour of the solution of 
the problem in the affirmative, it was 
not properly realized that they might have 
many definite advantages, both for the 
safety of the public and for the working 
of the railways. These advantages may 
be summed up in the following manner : 


4e That the driver can keep strictly to 
the time-table; 

9° That the driver may have greater 
liberty of action and freedom as he is 
not under the obligation to be contin- 
ually determining the speed of the train 
by means of his watch, or other empirical 
and rough methods, with the object of 
keeping his speed to suit the time-table 
and of enabling him to give almost un- 


divided attention to looking after the lo- 


comotive and looking out for the track- 
signals; 

3° That greater safety of working is 
obtained, for if, by chance, the driver 


- had exceeded the allowable speed on any 


section of the track, and that consequent- 
ly the train was run at an excessive and 
dangerous speed, this would at once be 
registered by the recording and warning 
apparatus; 

4° That it should be possible to operate 
the brakes in accordance with the in- 
dications of the track-signals and of the 
repeated signals given in the locomotive 
cab. 

Moreover, if the apparatus at the same 


time shows and records the speed, which 
can be easily arranged with nearly all 
appliances, the following advantages must 
also be taken into account; 

5° That an indisputable record of the 
responsibility of the driver in the case 
of accidents due to excessive speed, or 
produced by violent and irregular appli- 
cation of the brakes, can be obtained; 

6° That there should be the possibility 
of checking, subsequently to the making 
of the record, the speed of the train at 
almost any instant and thus ascertaining 
any error on the part of the driver. 


These advantages, as well as others 
which need not be here discussed, soon 
prevailed over the objection raised on ac- 
count of the expense of the installation 
and of the maintenance of the combined 
speed-recording and indicating appara- 
tus. Also, when the pressure of public 
opinion required the recording of speeds 
as well as the repeating of signals in the 
cabs of locomotives, these advantages led 
the chief railway administrations to 
adopt, or at least to test, such appliances. 
The problem, which had been accorded a 
favourable reception in theory, soon pass- 
ed. into the field of practical work and 
took the form of a search for the best 
type of apparatus amongst those which 
the ingenuity of inventors enabled to be 
submitted to the railway engineers, who 
gave great attention to the solution of 
the problem. 

In fact the administrations soon found 
that there were a large number of these 
appliances, the merits of which required 
investigation; amongst those which have 
been tested, or adopted, by the adminis- 
trations that have replied to our list of 
questions, we may mention the following: 


4° The Flaman_ speed-recording and 
warning apparatus; 
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2° The Hausshaelter 
and warning apparatus; 

3° The G. Hasler chrono-tachymeter ; 

4° The Hasler-Teloc speed-indicator ; 

5° The Boyer speed-indicator ; 

6° The Deuta speed-indicator ; 

7° The Stroudley speed-indicator; 

8° The L. G. Netherlands Railways 
type, speed-indicator ; 

9° The Sirius speed-indicator ; 

10° The Deutsche Tachometer Werke 
speed-indicator ; 

11° The Klose speed-indicator ; 

12° The Brtihn speed-indicator ; 

13° Horn speed-indicator ; 

14° Siemens and Halske speed-indic- 
ator ; 

15° Kalb speed-indicator ; 

16° Hartmann and Braun speed-indic- 
ator ; 3 

17° Stone’s speed-indicator ; 

18° Jones speed-indicator ; 

19° Penta speed-indicator ; 

20° Brinkmann speed-indicator ; 


These appliances have been tested on 
a large scale by almost all the adminis- 
trations, and are already so well-known 
that there is no need for us to give a 
description of them, as this can be easily 
obtained from the inventors, or from the 
firms manufacturing the appliances. We 
shall consequently limit ourselves to giv- 
ing a brief note on the subject of some 
of the less well-known of these of which 
we have received sufficiently complete 
data. 


speed-recording 


With regard to the manner in which 
the problem has been solved it can. be 
stated that the indicating appliances can 
be classified in the following manner : 


a) Speed--indicators in which the in- 
ventors have confined themselves exclu- 
sively to a visual indication of the speed; 

b) Speed-recording and indicating ap- 
pliances giving a visual indication of the 


speed combined with a graphic. record 
giving the speeds of the train as closely 
as possible. 


From the technical point of view of 
the solution of the problem, the systems 
used for these appliances may be classed 
in three main groups : 


a) Direct-driven speed - indicators 
amongst which may be mentioned the 
apparatus or systems of Klose, Horn, 
Hartmann and Braun, Stroudley, Deuta, 
Boyer, the L. G. Netherlands Railways 


type, etc.; they depend chiefly on the - 


utilization of the centrifugal force of 
rotating masses, solid or liquid, acting 
against gravity or acting against one or 
more springs; or they depend on electro- 
magnetic forces produced by the action 
of the rotating field of a permanent mag- 
net on a short-circuited movable arma- 
ture; by this means the angular velocity 
of a spindle revolving at a speed pro- 
portional to the speed of one of the driy- 
ing axles, that is to say of the train, is 
measured at each instant; the change pro- 
portional to the speed is obtained by 
means of suitable reducing gear; 

b) Speed-indicators working by sum- 


‘mation or by combined operations, among 


which must be mentioned the Hausshael- 
ter, Hasler, Hasler-Teloc, Flaman, ete.; 
they are based on the principle of meas- 
uring the speed of the train by measur- 
ing the range of movement of a part of 
the apparatus in unit time or over unit 
distance (time base or distance base) ; 

c) Differential speed-indicators in 
which the speed is determined by means 
of a differential gear enabling it to be 
compared with a given speed. 


If the direct-driven speed-indicators 
have the advantage of really showing the 
speed at any instant and of following ra- 
pid changes of speed, on the other hand 


i 


—_—” a 


Sa 


they do not lend themselves to recording 
their readings which are not exact for 
all speeds, some systems being unable to 
record low speeds. In addition, these 
systems have the disadvantage of requir- 
ing to be periodically and very frequently 
adjusted on account of the inevitable 
wear of the springs. 

On the other hand, the speed-indicators 
that work by « summation » or combined 
operation have the disadvantage that they 
ean only record a mean speed over a 
certain length of time or track; it may 
sometimes happen that the speed under- 
goes rapid changes and if it is desired 
that these changes should be made sus- 
ceptible to the eye and that a record 
should be obtained agreeing as far as 
possible with the momentary speed, it is 
necessary to make these intervals of time 
or of track as short as possible. If these 
intervals could be actually reduced to a 
minimum the apparatus would have the 
maximum of perfection possible to ob- 
tain for its class; but it must be recognis- 
ed that the principle on which they are 
based itself prevents the realisation of 
this ideal, and that any attempt made by 
the inventors with the object of attaining 
it renders the apparatus very delicate 
and costly. ‘ 

Finally the differential speed-indicator 
possesses, although in a minor degree 
nearly all the disadvantages of most of 
the appliances of the two groups men- 
tioned above; moreover in general the 
mechanism is somewhat complicated. 


CHAPTER IX. 


Speed-recording 
and warning apparatus. 


We shall now give a short description 
of some of the less-known types of ap- 
paratus that have been mentioned to us, 
leaving Gut those which, owing to their 


wide use, are sufficiently well-known, 
such as the Hasler, the Hausshaelter, the 
Flaman, the Teloc, the Boyer, etc. 


The Stroudley speed-indicator. — 
This apparatus consists essentially of a 
short cylinder of small diameter in 
which revolves a wheel carrying paddles 
and driven from one of the driving 
wheels of the locomotive; in order there- 
fore to allow of the rotation of the 
paddle-wheel spindle this passes through 
a stuffing box carried on one of the ends 
of the cylinder, and packed with leather 
washers and carefully turned and lu- 
bricated by means of a grease-cup. 

On the upper part of the cylinder is 
placed a reservoir in free communica- 
tion with the centre of the cylinder at 
the point opposite to the paddie-wheel 
spindle, and carrying a glass tube fitted 
with a suitably graduated scale; this 
tube is also in free communication with 
the upper part of the cylinder so that the 
movement of the paddle wheel can draw 
water from the reservoir and send it into 
the tube. If follows that the height of 
water in the tube is proportional to the 
number of revolutions per minute of the 
paddle wheel and consequently to the 
angular velocity of the driving wheels. 

The scale is so graduated as to show 
the speed in miles per hour or in any 
other desired unit; the zero of the scale 
corresponds to the locomotive at rest; 
slipping of the wheels is shown by the 
water rising to the top of the indicator. 

The apparatus is, moreover, placed in 
the cab of the locomotive in a suitable 


’ position for the driver to be able to see 


readily whether the locomotive is run- 
ning at a regular speed. 


The L. G. speed-indicator of the Ne- 
therlands railways type. — This appara- 
tus resembles the Deuta speed-indica- 
tor (1) exactly; it is based on the use of 


(1) See Bulletin of the International Railway 
Association, March 1922, p. 552 (Report of Mr. Ver- 
deyen). 
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a magnetic field, revolving at a speed 
proportional to that of the driving wheels 
and consequently to the speed of the 
train, and of a squirrel-cage armature of 
very light construction in aluminium and 
having thin walls. 

It is, moreover, of special importance 
that efforts should be made to render the 
apparatus independent of the influence 
of temperature, by means of a special 
arrangement for compensation for tem- 
perature, without which no moving part 
performs its function properly. 


Fig. 10. —L. G. type of speed-indicator 
with suspended gear-box. 


A special method is also provided for 
transmitting the movement of the driy- 


ing wheel to the spindle of the electro- 
magnet by means of an arrangement 
known as the « free-suspension gear- 
box » which must be used whenever spe- 
cial conditions prevent the ordinary 
flexible transmission from being used, 
as for example when the driving axle is 
too far from the driver’s cab, or when it 
has very great lateral play, or when, in the 
case of wheels of small diameter, the 
flexible shaft would come too near to the 
ground and might consequently run the 
risk of damage. The use of the gear-box 
is also advisable because, under difficult 
working conditions, the proper main- 
tenance of the flexible connexion cannot, 
be depended upon. The gear-box, that 
has been mentioned,works in the follow- 
ing manner : on the arm m of the return 
crank carried on the driving wheel 
(fig. 10), or on a flange carried on the 
axle of a carrying wheel, the gear-box n 
is arranged with the end of its shaft pro- 
jecting on one side and fixed by a driy- 
ing screw in such manner that it is at the 
same height as the centre of the axle of 
the wheel. A ball-bearing and a casing 
protecting it from dust enable it to run 
freely. The driving spindle which pro- 
jects transversely is attached to a joint- 
ed shaft which in turn is connected to 
the speed-indicator; this shaft is encased 
from the gear-box in a flexible metal 
tube o which usually has a length of 
about 550 mm.(21 11/16 inches) and lead 
to the speed indicator q through a fixed 
pipe p. The flexible metal tube easily 
accomodates itself to the movement of 


the frame of the locomotive, without 


exercising any unfavourable influence 
on the rotational movement of the flexi- 
ble driving shaft. This freely suspend- 
ed gear-box, with the rigid shaft driven 
through the arm fixed to the axle is dis- 
tinctly better in its arrangement than 
other driving gears in which the gear- 
ing is rigidly connected to the frame of 
the locomotive. 


In fact it has been shown in practice 
that when the gear-shaft is carried in the 
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last-mentioned way it is subjected to 
violent distortion and _ shock, 
though the intermediate part should 
transmit rotational movement through a 
flexible or jointed shaft; it follows in 
such case that the bearings of the spin- 
dles are soon damaged, and the gearing 
suffers in consequence, with the result 
that the whole drive ceases to work 
properly. : 

The free suspension of the gear-box, 
which was introduced exclusively:’ on 
electric locomotives, although it could 
have been used equally ‘well on steam 
locomotives, has proved capable of stand- 
ing working conditions for a number of 
years without requiring special mainten- 
ance, and its utility has. béen proved 
even under the most difficult conditions. 


CHAPTER X. 


The recording and indicating 
of running speeds 
on the Italian State Railways. 


The locomotives on our railway system 
are not all fitted with speed-indicators. 
Generally the speed-indicator is fitted on 
the one hand to express tender-locomo- 
tives used for passenger service, and on 
the other hand to some classes of tender- 
locomotives and some tank-locomotives 
used for passenger service, or for goods 
traffic, on lines having steep gradients, 
or on light railways. P 
In the last case we think that the use 
of the speed-indicator is very valuable 
when the locomotive is of a class having 
a short wheel-base with regard to the 
suspended weight, and when the lines 
run over are not in the best condition, 
requiring special supervision and careful 
checking with a view to preventing the 
exceeding of the speeds laid down res- 
pectively for the locomotive and for the 


line, it- being understood that in the cases 


quoted these speeds, in excess of the 
given limits, might prove a real source 


even ~~ 


of danger for the safety of working. 
The locomotives for which the appli- 
cation of the speed-indicator is required 
belong to the types given below; for each 
of these types the total number of loco- 
motives in the class and the number fit- 
ted with the speed-indicating apparatus 
is given, as well as the service on which 
they are usually engaged. 

Nearly all our speed-indicators belong 
to the type of apparatus with combined 
mechanical drive, one of which is effect- 
ed at a variable speed and the other at 
constant speed. These appliances are at 
the same time indicating and speed-re- 
cording apparatus and the winding of the 
paper is proportional to the time. Trials 
have, moreover, been made of some types 
of apparatus, giving an indication of the 
speed only which have been adopted ex- 
clusively on electrified lines, where the 
locomotives run with three-phase altern- 
ating current, as is well-known, at speeds 
that are constant and perfectly deter- 
mined. 

In this case the speed-indicator enables 
the staff of the locomotive to ascertain 
the position on heavy gradients, parti- 
cularly in cases where regeneration of 
energy is not effected. 

It was thought advisable to adopt 
speed-indicating and recording apparatus 
in these cases as it would, by means of 
the speed-indicator diagrams, be possible 
to determine indisputably the responsi- 
bilities of the staff in charge of the loco- 
motive, particularly in case of exceeding 
the permissible speed, either for the loco- 
motive or for the track. Moreover, the 
use of a recording apparatus renders it 
easy to check whether the staff in control 
of the locomotive follows the regulations, 
even though these should be of a provi- 
sional nature, as may be given from time 
to time in case. of permanent-way slacks, 
being piloted, etc. 


V-VI-9 
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Steam locomotives. 


Number 
of locomotives : 
fitted with Class of service usually performed. 
speed- e 
indicators. 


Locomotives with tenders. 


4 . q . . 
25 ‘For goods trains on level lines and in moun 
“tainous country. 


Ditto. 


For goods and passenger trains for through . 
lines wilh heavy gradients. 


For passenger trains on light railways and 
level country. 


For passenger trains on lines having steep 
gradients and for through goods trains on 
level country: 


For ordinary passenger trains and for mixed 
fast trains on lines in level country having 
easy gradients. 


Ditto. 


For heavy express trains running on ordinary 
lines. 


Ditto. 
Ditto. 


For heavy express trains running on heavy 
tracks and over strengthened bridges. 


For heavy passenger trains and for goods 
trains on lines having medium gradients 
(coast line of the Tyrrhenian Sea). 


Tank-locomotives, 


206 For passenger trains and for goods trains on 
light railways in mountainous or hilly 
country. : 


Ditto. 


For light passenger trains on light railways 
with light track. ; 


For passenger trains and for goods trains on 
short runs where the locomotive is not 
reversed at the ends. 


For passenger trains and goods trains on lines 
worked by. ordinary adhesion or by rack. 
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Electric locomotives. 


Number 
of locomotives 
fitted with 

speed- 
indicators. 


Class of service usually performed, 


The administration of the Italian State 
Railways, owing to the special conditions 
that prevail over the greater number of 
lines on its system, and consequently the 
numerous regulations relating to the 
running of the locomotives, has decided, 
in its own interest, and with the object 
of avoiding as far as possible difficulties 
of working, to adopt simultaneous speed- 
recording and speed indicating apparatus. 

The examination of the speed-indicator 
diagrams not only enables the end in 
view to: be attained, but it also enables a 
check to be kept on the actual running 
and on the stops shown in the guard’s 
journal. 

With this object the locomotive staff 
is instructed to hand in after each run, 
the speed-indicator diagram with the 
running sheet, and has to explain if this 
is not done. 

For the reasons given above, it follows 
that the expense caused by checking the 
speed-indicator diagrams, in changing 
them and in the maintenance of the ap- 
paratus, are more than compensated for 


by preventing damage which might arise , 


from want of observance of the maximum 
speed limits and of the regulations made 
with the object of obtaining the great- 
est possible regularity in the running of 
the train service. 

Even when recording speed-indicators 


For passenger trains and for goods trains on 
lines in level country or with medium 
gradients. 


are in use it is not possible or advisable 
to give up the record taken by the shed 
foremen and stationmasters, with regard 
to the time of starting from the shed 
and the arrival in the station of the lo- 
comotive hauling the train, particularly 
as it happens that the speed-indicators 
are not started up on the locomotive 
when it begins its run, that is to say 
when it leaves the shed, but only a little 
time before train starts. 

Another difficulty is that the station 
staff is not in the position of knowing 
what locomotive will be allotted to a 
train and consequently it cannot know 
whether it is or is not fitted with a speed- 
indicator. 

We have never used speed-indicators 
placed on the track. The speed-indic- 
ators normally in use on our locomotives 
are the following : 


a) The Hausshelter speed - indicator, 
types of which have been made by Messrs. 
Seidel & Naumann of Dresden and by 
the firm of Hasler of Berne; 

b) The Hasler speed-indicator con- 
structed by the firm of Hasler of Berne, 
which is an improvement on the Hauss- 
helter apparatus. Both of these appli- 
ances are at the same time indicating 
and recording. 


For trial there are also nine Flaman 


502) 


speed-indicators made by the firm of 
Lamaziére et Bunzli of Paris; they have 
the feature that the movement of the 
paper is proportional to the distance run, 
whereas in the Hausshelter and Hasler 


apparatus the movement is proportional. 


to the time. 

We have, in all, on our Railway Sys- 
tem 1173 appliances of the Hausshelter 
type, 655 of the Hasler type, 1 of the Tel 
type (indicating only) and 28-of the 
Deuta Werke type (also only indicating) 
which have been delivered to us, in the 
latter case, with German locomotives al- 
lotted to us by the commission for repa- 
rations due to the war. 

The Flaman type has been under trial 
since 1911, but is has not come into gen- 
eral use on account of its high cost, 
which doubtless exceeds that of the 
Hausshelter and Hasler appliances, and 
also with a view to not increasing the 
number of types of apparatus used on 
the railway system which would entail 
an increase in the store of spare parts. 

As we have already stated, the Hauss- 
helter and Hasler speed-indicators do not 
record or give instantaneous changes of 
speed; they only record mean speeds. 


The hand which shows the speed on 
the dial moves every six seconds in the 
Hausshelter type of speed-indicator and 
every second in the Hasler type of speed- 
indicator; the distance between two suc- 
cessive points on the line showing the 
running speed on the diagram is given 
every three seconds on the Hasler speed- 
indicator and every twelve seconds on the 
Hausshelter speed-indicator. 

‘In the Flaman speed-indicator the 
hand moves every four seconds and the 
record of speed is made. every time that 
the hand moves, 

In Italy there is no law imposing on 
railway administrations regulations re- 
quiring steam or electric trains to be fit- 
ted with speed-indicators on the loco- 
motives; the application of these appli- 
ances and the selection of the most suit- 
able types is made by our administration, 
entirely on its own initiative, as the re- 
sult of a very careful technical examin- 
ation of the conditions necessary for sta- 
bility of the locomotives while running, 
of the features of gradient and level on 
the lines over which the traffic ‘is run, 
and of the strength of the structure of 
the tracks. ~ 


yl 
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APPENDICES. 


The following administrations have replied to the detailed list of questions ; 


they are designated below by a number and their initials : 


ADMINISTRATIONS. 


Be.cium. — Belgian State Railways 
Denmark. — Danish State Railways . 
Spain. — Andalusian Railways 
Spanish Northern Railways 
Univep States or America. — Erie Railroad Company 
Southern Railway System . 
Baltimore & Ohio Railroad . 
Great Brivary anp IRELAND. — Great Central Railway. 
Great Eastern Railway 
Great Western Railway . : 
London & South Western Railway. 
North Eastern Railway 
North Staffordshire Railway 
Midland Great Western Railway 
Ausrratia. — New South,Wales Government Railway. 
Inp1an Empire. — North Western Railway . 
Bombay, Baroda & Central India nares 
Greece. — Hellenic Railways - 
Pirzus, Athens, Peloponnesus Railways 
Norway. — Norwegian State Railways 
Hottanp. — Netherland State Railways . 
Roumanra. — Roumanian State Railways. 
SwepEN. — Swedish State Railways 
Bergslager Railways - 
Halmstad-Nassj6 Railways . 
SwitTZERLAND. — Swiss Federal Railways : Sale 
Yuco-Stavia. — Railways of the Serbian, Croatian as, ae Kingdom 


NUMBER 


AND INITIALS. 


le EB. 
2 Ha): 
3. A. 
4, N. E. 
Da Ere 
6. 8.R. 8 
7. B.&O 
Sa/G5C: 
97.Ga Be 
L0.,G.W.. 
eb un PR 
L2eeNe vie 
13. N. St. 
14. M. G.W. 
i. Nis. We 
16. N. W. 
lia BeBe © 
18. E.G. 
LOWE ASP, 
20. E.N. 
21. E.P.B, 
22. EB. R. 
23. B.S 
24. B. 
25. IN 
26. F. 
OP ASAG. 3 
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; APPENDIX A. 


—_— 


Repeating and recording the track signals on the locomotive. 


Question 1. —- Different systems already 
used or tried. Results obtained. The in- 
dications of which signals do you consider it 
necessary to repeat on the locomotwe? 


Belgium. 


1. EZ. B. — All absolute stop signals and 
their distant signals. 


United States of America. 


5. H. — The Erie Railroad has not adopted 
automatic control for trains. 


6. 8. R. 8S. — Visual signals which give 
warning for caution and for absolute stop 
signals. 


Great) Britain and Ireland. 


8. G. O. — We have not tried any system 
for repeating and recording the track-signals 
in the cab of the locomotive. It is not thought 
necessary or desirable to repeat the track- 
signals on the locomotive. 


9. G. H. — We have made experiments with 
the Syx system. The distant signals. 

10; Ga Wass Only distant signals. 

11. L. 8S. W. — Distant and home signals. 

12. N. #. — All signals covering entry to 


the section. 


13. N. St. — Particularly for distant sig- 
nals at line-clear and at danger. 


Australia. 


15. NV. S. W. — In the case of ordinary 
railways for the indication of the distant 
signal, ‘ 


Holland. 


21. H. P. B. — The repeating of track-sig- 
nals has only been carried out experimentally 
for a few years. 


Roumania. © 


22. H, R. — We have not made experiments 
with any system. The stop signals. 


Sweden. 


23. H. 8S. — There is no repetition of signals 
on our locomotives. 

On some electric motor vehicles (continu- 
ous current) apparatus is fitted for the au- 
tomatic application of the brake. The fixed 
apparatus on the track is arranged at the 
side of the rails on a post at a distance of 
about 50 m. from the station signal-post. The 
fixed apparatus is controlled by the position 
of the signal. After application of the brake 
the current to the motors is cut off. 


QUESTION 2. — What general conditions have 
to be satisfied in this repetition of the track 
signals on the locomotwe? 


Belgium. 


1. H. B. — a) To give, when the distant 
signal is at « danger >», and 200 m. (220 
yards) before the signal, a whistle warning 
which can only be stopped by the driver tak- 
ing action. 

b) To give a different whistle warning when 
the distant signal is at « line-clear ». 

c) To apply the brakes automatically and 
gradually at the distant signal if the driver 
does not take action to silence the whistle 
indicating « danger » (stop). 

d) To apply the brakes automatically when 
the home signal is run past at « danger ». 


United States of America. 


6. 8S. R. S. — The greatest possible safety 
in working obtainable and mechanical stop- 
page in case of any failure of the apparatus. 

Great Britain and Ireland. 


8. G. O. — We are at present using the 
Reliostop system by which an audible warning 


she 
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is given on the locomotive on approaching a 
distant signal. It is only a question of a 
warning which is given in any event whether 
the signal is at « danger » or at « line-clear >. 


9. G. E. — When the signal is at « line- 
clear > a short ring on the bell is given on 
the locomotive. When the signal is at « dan- 
ger » a whistle sounds continuously and the 
brakes are applied automatically. This appli- 
cation of the brakes can be stopped in the case 
of a distant signal, but cannot be interfered 
with in the case of stop signals. 


10. G. W. — The signals for « line-clear > 
as well as those for danger should be repeated 
audibly and it should be possible to distinguish 
them readily by their sound, whilst when the 
« danger » signal warning is given, there 
should be an automatic application of the 
brake. In case of failure of any part of the 
apparatus the « danger > signal should always 
be given. 

11. L. 8S. W. — The position of the lever in 
the signal eabin, the track-signal and the in- 
dication given in the locomotive cab, should 
correspond exactly in a perfectly definite 
manner. The indicator should be so placed 
in the locomotive cab as not to interfere with 
the view of the driver. 


12.°N. H. — Signals repeated directly on 
the locomotive should give the driver, as far 
as possible, the same indication and as far 
before the signal as would be given by his 
seeing tthe track-signal which is repeated. 

13. N. St. — With the Syx system, the 
audible signal given in the locomotive cab 
should be sufficiently loud, and should last 
for a sufficiently long time to attract the 
attention of the driver. 


Australia. 


15. N. S. W. — Any failure whatever of 
the apparatus should always produce a safe 
indication. 


Holland. 


21. H. P. B. — The general condition to be 
fulfilled in the repeating of cab signals will 
be : to stop the train before reaching a signal 


at « danger » provided that the working is 
recorded and that the driver can, if he has 
seen the signal in time, prevent the recorder 
from working, so that there may be a check 
on the attention given by the driver. Warn- 
ing to the driver at some distance before a 
stop signal would distract the attention of 
the driver. 


Roumania. 


92. H. R. — Simplicity from the point of 
view of construction; certainty of working 
and clearness in the signals. 


Qurstion 3. — In what way should the ap- 
paratus inform the driver of the position of 
the signal past which he is running? By 
a visible signal, or by an audible one, or 
by one which is audible as well as visible? 


Belgium. 


1. E. B. — By an audible signal. 


United States of America. 


6. 8S. R. 8. — By a visible signal and by the 
application of the brakes until the train has 
been stopped, or by the application of the 
brakes, when the speed of the train exceeds 
a pre-determined maximum, which continues 
until the speed has been reduced to this max- 
imum. 


Great! Britain and Ireland. 


8. G. OC. — By an audible warning on the 
locomotive on approaching a distant signal. 

9. G. E. — By an audible warning, either 
indicating « line-clear > or indicating « dan- 
ger », supplemented by application of the 
brakes in the latter case. 

10. @ W. — By an audible signal accom- 
panied by gradual application of the brake 
when the signal indicates « danger >. 

11. L. S. W. — For both forms of repeti- 
tion, visual and audible signals. 

12. N. E. — This question should have been 
worked as follows: <«.. to warn the driver of 
the indication given by the signal which he 
is approaching >. 
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A driver has no right to pass a signal 
when he does not know the position of it. 

The indication given in the locomotive cab 
should correspond to that ot the track-signal 
by means of a. visual signal and it should be 
possible for it to change to an audible signal 
in order to draw attention to a change in the 
visual signal. 

13. N. St. — With the electro-mechanical 
Syx apparatus, the signal given is audible. 


Australia. 


15. VN. 8S. W.'— By an ‘audible signal, sup- 
plemented, if thought advisable, by a visual 
signal, 

Holland. 


21. H. P. B. — It does not appear to us to 
be useful to warn the driver. 


Roumania. 


22. HE. R. — Visual signal accompanied by 
an audible signal. 


QurstTion 4. — What apparatus have you 
adopted? Which kind have you tried and 
which are you trying at present? 

What apparatus have you tried and after- 
wards discarded, and for what reasons? 
Amongst the apparatus tried, to which have 
you given the preference and for what reas- 
ons? Hawe you the intention of making 
any alteration to the chosen apparatus and 

for what object? 

Do you expect to bring it into general use? 

In particular, please state, in the case of each 
system : 


Belgium. 
1. 2. B. — No type of apparatus has been 
adopted up to the present. 
United States of America. 
6. S. R. 8S. — No apparatus has been adopt- 
ed. 
Great Britain and Ireland. 


8. G. CO. — The apparatus adopted by this 
company is the Reliostop. 


9. G. BH. — We have adopted the Syx ap- 


paratus constructed by the Sykes Interlock- 
ing Signal Company, Clapham, London, 8S. W. 
We do not expect to adopt it generally. 


10. G. W. — We have made experiments 
with audible signals which can be distinguish- 
ed perfectly by their sound according to whe- 
ther they repeat an indication of « line-clear » 
or of <« danger » with automatic application 
of the brake. We do not expect to make any 
change in it. 


11. L. 8S. W. — On the Waterloo and City 
electric line we have had a system consisting 
of a contact-treadle placed alongside the 
rails with a brush-contact on a motor, the 
working of which depends on the signal in 
such manner that, if the signal shows stop 
and the train runs over the treadile, the 
current is cut off. If the signal on the train 
shows « line-clear >» the contact with the 
treadle does not interrupt the current on 
the train. _ We have made experiments with 
the following appliances 1) cab-signalling 
by the wireless-telegraph-Prentice system; 
2) many mechanical systems with treadles on 
the ground and brushes or striking levers 
carried on the locomotive; 3) explosions of 
detonators giving optical or audible signals 
in the cab of the locomotive; 4) luminous 
indication in foggy weather. In general the 
appliances in classes 1) and 2) have been 
abandoned on account of : 1° excessive cost; 
2° uncertainty of action of the ground-appar- 
atus which became damaged by the trains in 
running over it. Classes 3) and 4) are at 
present under trial. 


12. N. H. — No type of apparatus has been 
officially adopted so far. Two systems have 
been subjected to trial; mechanical and elec- 
trical. No system has been tried and then 
abandoned. The question of preference de- 
pends entirely on the conditions that it is 
desired the apparatus should fulfil. If it is 
necessary to give complete indication prefer- 
ence will be given to the electric apparatus. 
If, on the other hand, it is only a question of 
checking the trains the mechanical apparatus 
appears more suitable on account of its sim- 
plicity and of its ease of maintenance. The 
question of the general use of the apparatus 
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depends upon the report of a special Govern- 
ment Committee, and this report has not yet 
been made. 


13. VW. St. — No apparatus has been adopted 
by the North Staffordshire Railway. A spe- 
cial trial has been made of the Syx apparatus 
for a distant signal and with a locomotive 
specially equipped for this object. The trials 
proved completely satisfactory, but the appa- 
ratus was given up as its adoption, leaving 
the system out of account, was not consider- 
ed. We do not expect to adopt it generally. 


Australia. 


15. N. 8S. W. — We have adopted the ap- 
paratus introduced by the English Great 
Western Railway. No apparatus has been 
tried and subsequently abandoned. A trial 
will be made with the electro-mechanical Syx 
system for checking the trains. It is intended 
to adopt one of the two above-named systems 
generally. 


Holland. 


21. E. P. B. — We have tried the apparatus 
of the English Great Western system and of 
the van Braam system. We have given up 
the van Braam apparatus because it did not 
work without failure, and the Great Western 
apparatus because a warning appliance was 
not considered necessary, particularly as all 
the main track-signals are to be fitted with 
a distant signal and an advance signal. 


. 


Roumania. 


22, E. R. — No apparatus has been tried or 
adopted so far. 


QusstIon 4 (a, b, ¢). — @) What appliances 
are used on the locomotive? 

b) Are the strikers fixed to spring-swpported 
parts of the locomotive or not? 

c) Must these. strikers be adjusted before each 
trip ? What instruments are used for this 


purpose? 
Great Britain and Ireland. 


9. G, BH. — a) A plunger piston carried on 
springs which, being actuated by a treadle, in 


turn operates mechanically the brake ap- 
paratus when the signal is at « danger >. 
When the signal stands at « line clear >, 
however, it picks up an electric current from 
the treadle which, by electric means, stops the 
working of the brake apparatus. 

b) Yes; they are carried on the main 
frame. 

c) No; they are automatically checked at 
each treadle. 


10. G. W. — a) A movable shoe, a bell, a 
siren and an electric battery. 

b) Yes; they are carried on the engine 
framing. 

c) No; they do not require to be adjusted. 


ll. L. 8. W. — a) Visual and audible 
signals and a valve on the train-pipe. 

b) Yes; they are carried on the engine 
framing. 

c) All parts of the apparatus should be 
adjusted. 


12, N. H. — al) Mechanical : a striker be- 
tween slides governed by springs which oper- 
ates a valve on the air or steam brake. A 
whistle, blown by air or steam, on the open- 
ing of a valve by the action of the striker. 

a2) Electrical : a shoe on slides working as 
a cut-out.  Steel-wire brushes to receive the 
track current : the shoes and also the brushes 
are spring-supported. A visual indicator 
consisting of a number of semaphore 
arms. © An electric bell as audible signal. 
An electro-magnet controlling the valve for 
causing the brakes to be applied in the case 
of the air-brake system. 

b) Yes; they are carried on parts that are 
spring-suspended. 

cl) Mechanical : no; the contact-levers being 
spring-controlled, allow some variation of the 
position of the spring-supported frame of the 
locomotive. They are adjusted with ordinary 
gspanners. 

c2) Electrical ; no; the sliding shoe and the 
steel-wire brushes ‘being spring-supported al- 
low for variation of the position of the spring- 
supported frame of the locomotive. 


13. N. St. — a) Sliding contact shoes, me- 
chanical application of the brake, apparatus 


for insuring return to normal position, a bell 
and a whistle for audible signalling. 

b) They are carried on spring-supported 
parts. 

c) From our experience we should say, no! 
A control treadle might be used with the ob- 
ject of checking the contact made by the shoe. 


Australia. 
15. N. 8. W. — a, 6, c) Reference should 
be made to the published descriptions of this 
apparatus which are doubtless available. 


Qurstion 4. (d, e, f, g). — d) What means 
are used for giving the signal on the loco- 
motive? Steam, compressed air or electri- 
city? 

e) Is the audible signal given by a bell or 
by a, whistle? 

f) Does the audible or visible oa on the 
locomotive automatically stop working, or 
is it stopped by the driver? 

g) Cam the drier throw the whole apparatus 
out of action? 


United States of America. 


6. 8S. R. S. — d) Compressed air and elec- 
tricity. 

e) By whistle only during the trials. 

f) During the trials the whistle stopped 
sounding automatically. 

g) The driver cannot throw the apparatus 
out of action. 


Great! Britain and Ireland. 


8. G. O. — d) There are no visual signals; 
the method adopted for repeating the signal 
is the same as that used for the application 
of the brake. 

e) The audible signal is given by a whistle. 

f) The audible signal, which is accompanied 
by gradual application of the brake, continues 
until it has been stopped by the driver. 

g)' The driver cannot throw the apparatus 
out of action. 


9. G. ZH. — d) Compressed air and electricity 
for air brakes. Steam and electricity for 
steam brakes. 

e) A whistle for « danger ». 
¢« line-clear ». ; 

f) The signal for « line-clear » given by 


A bell for 
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the bell stops automatically. 
must be stopped by the driver. 

g) The driver cannot throw the whole ap- 
paratus out of action. 


10. G. W. — d) Electricity for the bell. 
The air passing through the train-pipe causes 
a siren to sound. 

e) The bell for repeating « line-clear >. 
The siren for repeating « danger >. 

f) The « danger » signal is put out of 
action by the driver. ‘The < line-clear » signal 
is stopped automatically. 

g) Yes; the driver can throw a whole 
apparatus out of action. 


11. L. 8. W. — d) Electricity and detona- 
tors. 

e) It is given by both. 

f) It is stopped by the driver. 

g) Yes; but he must take action deliberat- 
ely. 

12. N. E. — d) Compressed air and steam 
in the case of a mechanical system; electri- 
city in the case of an electrical system. 

e) By a whistle in a mechanical system; by 
a bell in an electrical system, but, in the 
latter case, there is also a visual indicator. 

f) The working of the whistle is stopped by 
the driver. The electric bell rings, or stops 
ringing automatically, according to the posi- 
tion of the visual indicator, 

g) In the mechanical system he cannot; in 
the electrical system he can throw the whole 
apparatus out of action, with the present ar- 
rangement. 


13. N. St. — d) Steam and Satriciat 

e) It is given by a bell when the signal is at 
« line-clear » and by a whistle when there is 
application of the brake. 

f) The signal given by the bell stops auto- 
matically. The steam whistle ceases to 
sound when the driver restores the brakes to 
normal position. 

g) No; the driver cannot, throw the shale 
apparatus out of action. 


The whistle 


Australia, 
15. N. 8S. W. — Reference should be made to 
the published descriptions of this apparatus, 
which are doubtless reliable. 


r 
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Qusstion 4 (h, i, k, 1, m). — h) What de- 
vices are placed on the track? Where are 
the tripping devices placed : between the 
rails, or on one side of the rails, or above, 
supported on poles? 

i) Are the tripping devices fived or movable? 

- Are they affected by the position of the sig- 
nals? 

k) At what intervals are the devices examined 
or tested? 

l) If contact bars or treadles are used what 
is their length? 

m) How many inches do the contacts project 
into the loading gauge proper? And how 
many inches into. the cross-section of the 
clear space above the track? By how many 
inches do the locomotive strikers and trip- 
ping devices overlap each other? 


United States of America. 


6. S. R. S. —h) There is no apparatus plac- 
ed on the track. 

i) In the system tried there are no tripping 
devices on the track exposed to shock. 

k) While under trial the apparatus was 
constantly under inspection. 

1) No treadles are used. 

m) There are no striking levers or con- 
tacts. 


Great Britain and Ireland. 


8, G. C. — h-i) With the object of obtain- 
ing partial application of the brake the track- 
apparatus consists of a short treadle arranged 
in a horizontal plane and placed in the six- 
foot way, the whole apparatus being itself 
fixed. In order to obtain an absolute stop 
there is an apparatus arranged with a vertical 
shaft capable of rotation, the upper end of 
this carries an arm, acting in the horizontal 
plane, which, when the corresponding signal is 
in the « danger » position makes an angle of 
90° with the rail and breaks an easily-fractur- 
ed wooden strip carried on the locomotive : 


ut when the signal is in the « line-clear > po- 


sition the arm is turned away from the rail 
in such manner that it does not come into con- 
tact with the apparatus carried on the loco- 
motive. The apparatus described above is 
also fixed in the 6-foot way. 


k) The fixed apparatus for the partial ap- 
plication of the brakes is inspected every day 
by the ganger, whereas the movable apparatus 
for the complete application of brakes at the 
stop signal is checked, every time that it works, 
by means of a special electric cireuit which 
shows the signalman in his cabin that it is 
working properly. 

1) The treadle bars for the partial applica- 
tion of the brakes have a length of about two 
feet. 

m) The contact treadles and the arms do 
not enter the loading gauge of the locomotives, 
but they are placed in the clear space between 
the loading gauge of the locomotive and the 
track. The total overlap of the strikers and 
tripping devices is 1 1/2 inches. 


9. G. E. — h) The apparatus placed on the 
track consists of treadles 40 to 75 feet long 
according to the speed run on the section. 
They are placed a short distance before the 
signal, but they can also be placed in any 
other convenient position. 

i) They are fixed. They are supplied with 
electric current when the signal stands at 
« line-clear », but are without current when 
the signal stands at « danger >. 

k) They are not inspected at regular inter- 
vals. Inspection is made whenever it is 
thought to be necessary. 

1) The length of these treadles is from 40 to 
75 feet according to the speed run on the sec- 
tion. 

m) 4 to 5 inches above the level of the rails 
(they do not enter the loading gauge of the 
locomotive) . They exceed the construction 
gauge of the track by 1 1 /2 inches and in 
many cases by 2 1/2 inches. 


10. @. W. — h) A treadle between the rails. 

i) They are fixed. 

k) Whenever the 
shed, 

1) The length of the treadles is 40 feet. 

m) They are below the loading gauge of the 
locomotive. 


locomotive leaves - the 


11. L. 8. W. — h) There are several pieces 
of apparatus a movable treadle, a fixed 
treadle, and a conductor emitting electric 
waves. ; 
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i) Experiments have been made with fixed ~ 


details as well as with movable parts. They 
are controlled by the position of the signal. 

k) Generally before each trip. 

1) There are no bars, but only treadles the 
length of which is about four feet, 

m) The contacts are outside the loading 
gauge of the locomotives. The shoe or con- 
tact-lever comes outside the loading gauge by 
about 1 1/2 inches. 


12, N. #. — h, i, k, 1) In the mechanical 
system the tripping device, subject to shock 
on the track, is arranged close to the signal, 
between the rails. It consists of strong pro- 
jections carried on a rod acting in connexion 
with the signal in such manner that the pro- 
jections encounter the striker carried on the 
locomotive, but only when the signal is at 
« danger » The contact between these pro- 
jections and the movable sliding striker is only 
instantaneous. In the electric system the 
apparatus arranged on the locomotives is oper- 
ated by long bars, arranged between the rails, 
at suitable places for working the apparatus. 
The usual length of the bars is 30 feet for dist- 
ant signals and 60 feet for stop signals. The 
shoe is raised with the object of interrupting 
a normally-closed circuit; the shoe anid the 
brushes slide on the bars; the brushes take, 
from the bars, current produced in the signal 
cabin. 

i) In the mechanical system the tripping 
devices are movable; they are thrown over 
into a position in which they do not come 
into action when the signal stands at « line- 
clear ». "They are raised into the position for 
making contact when the signal stands at 
« danger ». In the electrical system the 
tripping devices are fixed. The current is 
supplied to the bars by the signal cabin when 
the signal stands at « line-clear »; it is not 
sent when the signal stands at « danger ». 

k) In the mechanical system they are in- 
spected every day. In the electrical system 
they are always subject to the observation of 
the signalman in the cabin from which the sig- 
nal is operated. Moreover they are inspected 
and tried every week by the maintenance staff. 

m) In the mechanical system contact bars 


are placed two inches below the loading gauge 
of the locomotive. The clear space over the 
rails is 4 inches. The overlap of the parts is 
3/4 inch. In the electrical system the bars 
fixed on the track stand 4 1/2 inches above 
the track-rails. The shoe, carried by the lo- 
comotive, when it is not making contact with 
the bar, hangs at about 3 inches above the 
track-rails. 


13. VN, St. — h) A treadle with which the 
shoe carried on the locomotive makes con- 
tact. The treadle is arranged in the centre 
between the track rails. 

m) The contact shoe carried by the locomo- 
tive projects 1 3/4 inches beyond the loading 
gauge of the locomotive. It does not pro- 
ject into the structure -gauge of the track. 
The overlap is 1 1/2 inches. 


Australia, 


15. N. 8S. W. — h, i, k, 1) Reference should 
be made to the published descriptions of this 
apparatus which are doubtless reliabie, 

m) Projection beyond the structure gauge 
of the track, 2 1/2 inches. Projection beyond 
the loading gauge of the locomotive, nil. The 
parts of the locomotive and those of the track 
overlap by 1 1/2 inches. 


QUESTION 4 (n, 0, p, q, T, 8). — n) Have ea- 
periments been made with a view to utiliz- 
img waves (lught, electric waves, magne- 
tism, etc.)? What results have been ob- 
tained? 

0) If the apparatus does not work, for some 
reason or other, or if any part of it is dam- 
aged, is a warning signal given to the dri- 
ver? And are the brakes put on simulta- 
neously? 

If the brakes are put on, can the driver take 
them off before the train has come to a 
standstill? 

p) Is the working of the apparatus independ- 
ent of the weather conditions (snow, 
ice, etc.), of the speed, of the wear and tear 
of the vehicles and track, and finally of vi- 
brations and shock? 

q) What parts of the apparatus have ay 
frequently been out of order? 

What are the causes of these troubles? 
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ry) Are the apparatus equally suitable for 
steam and electric railways whatever system 
may be in use? 

s) Can the apparatus be used on special por- 
tions of the tracks, such as in tunnels and 
along bridges? 


United States of America. 


6. S. R. S. — n) Yes; the Buell signalling 
apparatus. Trials were made in April 1906, 
and at various times up to 1910 on a short 
section of track arranged in North Virginia 
and for a short period on a longer section in 
Kentucky. 

0) When the system is damaged or deranged 
the brakes are applied automatically. The 
driver can take the brakes off whenever he 
desires, but in taking off the brakes he re- 
cords this on a recording dial, 

p) Yes; it is believed to be proof against 
any bad weather. 

q) The most common derangements of some 
parts of the apparatus have been caused by 
the interruption of the current due to trouble 
with the wires laid om the ground, particu- 
larly in case of bad weather. ‘The most fre- 
quent causes of these troubles are due to de- 
terioration of the wires and joints caused by 
the action of the cinders. 

r) No; the apparatus tested is only suitable 
for lines worked by steam. 

s) Yes; this apparatus can be used on short 
sections and the trials themselves were con- 
fined to short sections of track. 


Great, Britain and Ireland. 


8. G. OC. — n) We have not made any trials 
of this kind. 

o) Any kind of failure of the apparatus on 
the locomotive shows itself at once by causing 
application. of the brake, whereas in the case 
of the track apparatus a failure of any kind 
is shown electrically im the signal cabin. If 
the brakes have been applied the driver can 
take them off in the case of their being par- 
tially applied, but he cannot do so, if the 
brakes have been fully applied, until the train 
has come to rest. ; 

p) The working of the apparatus is inde- 
pendent of all ordinary weather conditions and 


one may be certain that it could continue to 
work under any bad weather through which 
the signal service itself could work. With 
regard to speed it works satisfactorily at 
speeds exceeding 80 miles per hour, and the 
apparatus is of such construction that there 
is sufficient adjustment to compensate for the 
wear of the vehicles as well as of the track 
in a vertical direction; vibrations and shocks 
do not disturb the working of the apparatus. 

q) We have had no trouble with any parts 
of the apparatus. 

r) The apparatus is equally applicable to 
lines worked by steam and to those worked 
by electricity. Moreover it is particularly 
suitable for the latter, because, in this case, 
there is no fear of stray earth-currents giving 
a wrong indication of < line-clear >. 

s) The apparatus has been applied in tun- 
nels and on bridges. 


9. G. E. — n) No; these trials have not 
been made. 

o) Yes; in case of failure to act, or of 
damage to the apparatus, warning is given 
and the brake is applied at the same time. 
The driver can take the brake off in the case 
of distant signals; he cannot do so in the 
case of stop signals. 

p) Yes; it is independent. 

q) The electric connexions, owing to the 
slacking of the nuts, 

r) Yes. 

s) Yes. 


10. G. W. — n) No; trials of this kind have 
not been made. 

0) Yes; in this case warning is always 
given and the brake is applied at the same 
time. Yes, the driver can always take the 
brakes off. 

p) Yes; it is independent of all bad weather 
conditions. 

q) Defective accumulators; defective cut- 
outs, The contact shoe outside the loading 
gauge; defective battery-wires on the loco- 
motive. The causes of these troubles are the 
ordinary derangements of the accumulators ; 
dirty and worn contacts; the vertical mov- 
ement of the locomotive frame on the springs. 

r) The contact shoe and the treadle being 
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placed between the rails prevent. the use of a 
central rail on an electrified track. 


1l. L. S. W. — n) Yes; we have made 
trials with electric waves; the results were 
satisfactory, but the apparatus was too costly. 

o) Yes; in this case a warning is always 
given and the brake is applied simultaneously ; 
the driver can always take the brake off. 


p) Yes; it is independent. 
q) We have not lad sufficient experience 
to be able to state definitely. 


r) Yes, 


s) Yes. 


12. VN. #H. — n) No. 


0) Mechanical system : if it is not damaged 
it gives no warning. If it is damaged it im- 
mediately gives warning by the application of 
the brake. The driver can always take the 
brake off. The apparatus does not take the 
brake off automatically. — Electrical system : 
The apparatus is so constructed that the 
permanence of the repeating signal depends 
on a closed circuit. If this circuit is inter- 
rupted a repeating signal of « danger > is 
given automatically. When the track signals 
are in the position of « dine-clear » the re- 
peated signals for « danger » are automati- 
cally prevented from showing by current from 
the signal cabin from which the signal is 
operated. If this current were stopped the 
signals would go to « danger ». The brakes 
are applied whenever the locomotive passes 
over a bar placed near the signal when there 
is no current flowing through this bar. As 
the apparatus is at present constructed the 
driver can take the brake off after the appa- 
ratus has caused its application. 

p) Mechanical system : It is independent 
of all difficulty from bad weather conditions 
and speed. — Wear : It should be adjusted 
on account of the wear of the vehicle and the 
set taken ‘by the locomotive springs. —. Hlec- 
trical system : The apparatus is mainly liable 
to derangement by the formation of ice, which 
prevents the current from the signal cabin 
being picked up when the signal is in the 
« line-clear > position. 
shoes 


q) Mechanical system : the contact 


(strikers) owing to the shocks. — Hlectrical 
system : The chief cause of failure has been 
the formation of ice which prevents picking 
up the current from the signal cabin. Some 
fractures of the shoes have occurred and of 
the wires connecting them with the brushes 
but the latter have been fairly uncommon. 
There have also been some derangements of 
the electric indicators caused by breakage of 
the internal wires; the following table will 
give an idea of these derangements. 


Failures of the locomotive apparatus : 


1918 109 % 
1919 360 % 
1920 840 % 


Failures of the track apparatus : 


1918 150 % 
1919 370 % 
1920 124 % 


r) Yes; if the centre of the track 
occupied by other apparatus. 


s) Yes. 


is not 


13. NV. St. — n) No. 

o) Yes. In this case a warning is always 
given and the brake is applied simultaneously , 
the driver can always take the brake off. 

p) Yes; it is independent. 

s) Yes. 


Australia. 


15. NW. 8S. W. — n) No. 

o) Yes. In this case warning is always 
given and the brake is applied at the same 
time; the driver can always take the brake 
off. 

p) We have had insufficient experience to 
enable us to make a statement at present. 

q) Yes, it is independent. 

r) They are only suitable for tracks work- 
ed by steam. 

s) Yes. 


Qurstions 5, 6 and 7. — 5) Are all your loco- 
motives alneady fitted with appliances for 
repeating the track signals on the locomo- 


a, 
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tive? If not, is it intended to equip all of 
them in this way? : 

What types of locomotives are at present 
equipped in this way, and for what service 
are they used (passenger or goods)? 

What length of track is equipped in this way, 
and how many tripping devices are there 
altogether? 


6) Do you consider it necessary that the ap- 
paratus on the locomotive should only warn 
the driver he is approaching a signal with- 


out indicating if it is at « clear » or at- 


« danger », or whether it is preferable to 
show line clear or blocked? 


7) Do you consider it sufficient if the appa- 
ratus on the locomotive only indicates to 
the driver the position of the signal, that 
is, simply repeats the signal? Or must tt 
in addition thereto, also record the position 
of the signal? 

Is your apparatus so arranged, that it only 
records the « danger » position of the sig- 
nal, or does it record both the « danger » 
and the « clear » position? 


Belgium. 


1. 2. B. — 5). There are none. 


6) The apparatus should work on the loco- 
motive when the signal is at « danger >» and 
when it is at < line clear >, as laid down in 
the programme under sub-question 2. 


7) The apparatus should give an audible 
warning of the position of the signal and act 
on the brake when a danger signal standing 
at « danger » is run past. 


United States of America. 


6. 8. R. S. — 5) No, none of our locomotives 
have been so fitted up to the present. No 
part of the track is fitted with treadles and 
we have no contact-gear. 


6) We consider it desirable that the appar- 
atus on the locomotive should show <« line- 
clear » as well as « danger », whereas there 
would be too much risk of complicating mat- 
ters if an attempt were made to repeat « line- 
clear », « cantion » and « danger >. 


7) The apparatus that has been tried is so 
arranged as to repeat « line-clear », or « dan- 
ger ». 


Great Britain and Ireland. 


8. G. C. — 5) At present the greater num- 
ber of the locomotives running on the Lon- 
don-suburban service are so fitted. These 
locomotives are 4-6-2 tank-locomotives haul- 
ing passenger trains. The length of track 
equipped is 11 miles and the number of track- 
contacts installed is : for partial application 
26, for stop 51. 

6-7) At present we use the Reliostop system 
by which an audible warning is given on the 
locomotive on approaching a distant signal. 
It is therefore only a question of a warning 
of position, whether the signal stands at 
« danger » or at « line-clear >. 


9. G. E. — 5) Our locomotives are not all 
fitted with repeating apparatus. The types 
of locomotives that are so fitted are passenger 
tank-locomotives and goods locomotives with 
tenders. Nine signals have been installed on 
a section of track 20 miles in length and three 
on another section. 

6) It is preferable to show him whether 
the signal is at « line-clear » or is at « dan- 
ger >. 

7) We think that it should only repeat the 
position of the signal. Our apparatus is ar- 
ranged in such manner as to record a signal 
at « danger » as well as the signal at « line- 
clear >. 


10. G. W. — 5) No; only ninety-nine loco- 
motives are fitted with it, of all types, both 
passenger ‘and goods. The length of track 
fitted is one hundred and eighty-eight miles 
with a total number of one hundred and ni- 
nety-two contact-treadles. 

6) It should show whether the track is 
« clear » or whether it is « blocked >. 

7) It is sufficient when the apparatus is 
applied to distant signals. It then follows 
that the position of the signal is repeated. 
The signals for « line-clear > as well as those 
for « danger » are repeated, but they are not 
recorded. 
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11. L, 8. W. — 5) The systems described 
above have been tried, but only experimentally, 
on this Railway System, The length of track 
equipped has varied according to the system 
tried, The Prentice wireless-signalling system 
was installed on about four miles of track, 

6) The driver should receive an indication 
of whether the track is « clear » or whether 
it is « blocked » in agreement with the con- 
ditions on the section beyond, 

7) It would be necessary to have a record 
of the signal repeated in the locomotive cab. 
The wireless signalling system recorded both 
of these, 


12. N. H. — 5) No; only the locomotives 
that work on stretches of track equipped for 
experimentsiare so fitted. No other equipment 
has, as yet, been put to work. The locomotives 
equipped are passenger or goods locomotives 
and many of the former run on express services. 
The length of track equipped is in the case of 
the mechanical system, eighty miles, and, in the 
case of the electric system, forty-five miles of 
single track. 

6) It is thought necessary to warn the 
driver of the train when approaching a dist- 
ant signal, at some distance before he reaches 
it, and to repeat to him, at each distant signal, 
whether : A. All the stop signals controlling 
access to the section beyond are at « line- 
clear >», — B. All or some of the stop signals 
are at « danger » and to confirm the latter 
condition at each stop signal when it is ap- 
proached. 

7) It hag not been thought necessary to re- 
cord any of the signals repeated. 


13, VN. St. — 5) No; our locomotives are not 
fitted with repeating apparatus and we have 
not yet considered the possibility of so fitting 
them. None of our locomotives has been so 
fitted and no section of our track is equipped. 

6) It should give warning equally for « dan- 
ger » and for <« line-clear >. 


Australia. 


15. V. S. W. — 5) Only a dozen locomotives 
are fitted at present, but quite recently it has 
been decided to fit all the locomotives with 


apparatus. The locomotives in question are 
ordinary passenger and; goodis locomotives. 
The track equipped is about one hundred miles 
in length and twenty-seven contacts have been 
installed. 

6) Both < line-clear » and « danger » should 
be repeated. 

7) The apparatus should record the position 
of the signal, The apparatus used at present 
records both the « danger » position and that 
of « line-clear >. 


Holland. 


21. H. P. B. — 5) Apparatus for repeating 
the track signalsis no longer in use. 


6) It does not. appear to us to be useful to 
warn the driver. 


22, H. R, — 6) We think it preferable. 

To differentiate between « danger » and 
« line-clear >. 

7) It is preferable that the apparatus should 
be at the same time warning and recording. 
By this method the final responsibility of the 
driver will be better determined. 


Qugstions 8, 9, 10. — 8)Do you consider it 
better for the tripping device which operates 
the cab signal when the locomotwe passes, 
to be placed at the same point as the track 
signal itself, or, on the contrary, to be plac- 
ed a sufficient distance in advance of it, so 
that the driver, having been warned, can 
still see the track signal before he passes it? 

In the latter case, at what distance im ad- 
vance of the track signal is the tripping de- 
vice placed? ee 

9) Do you consider it necessary to make it 
possible for the drwer, at the moment he is 
approaching a signal, if he has seen that 
signal in time, to stop the operation of the 
cab signal, but not the recording of the po- 
sition of the signal, the act of the driver 
being recorded so that it is possible to 
check whether he acted before or after the 
recording of the position of the signal, and 
so ascertain whether the driver was vigilant, 
or whether, on the contrary, he allowed him- 
self to be taken unawares by the signal? 
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410) Can the cab signal adopted by you be 


used equally well on single-track and on 


-  double-track sections? 


-If not, what modifications have or will be 
made in order to make its use possible, in- 
cluding electric railways? ; 


Belgium. 


1. H. B. — 8) The track apparatus should be 
placed 200 m. (220 yards) before the warning 
signals. i 
9) Yes. 

10) No apparatus has been adopted. 


United States of America. 


6. S. R. S. — 8) We have no experience in 
treadle-control because the apparatus. with 
which we have made experiments is of the 
continuous type. 

9) The Buell apparatus with which we have 
made experiments has a paper recorder for 
showing the « taking off » of the brakes by 
the driver after their automatic application. 

10) Yes; the cab-signal with which we 
‘have made experiments can be used equally 
well on single lines and on double tracks. 


Great Britain and Ireland. 


8. G. O.,— 8) The apparatus that causes 
partial application of the brakes is placed 
about 200 yards before the distant signal, 
whenever this is an independent signal, where- 
as when it takes the form of the lower arm on 


a stop signal the apparatus is arranged at the 


foot of the signal. All the appliances for 
the complete application of the brake are plac- 


“ed before the signal that they protect. 


9) We are not equipped with recording ap- 


“ pliances as these are not thought to be neces- 


sary. 
10) The Reliostop apparatus is equally ap- 


plicable to single lines and to double tracks; 


it is also equally applicable to lines worked by 


steam and to those worked by electric traction. 


9. G. EH. — 8) We consider that in the case 


of distant signals it should be placed before 


‘fore the track-signal. 


the signal. On the other hand -in-the-ease of 
stop signals it should be placed immediately 
beyond. In the case in which the apparatus 
is placed some distance from the signal this 
distance will depend on circumstances. 

9) No; we do not’ consider it necessary. 

10) Yes; by using current which is respec- 
tively positive or negative. 


10. G. W. — 8) It tis placed 400 yards be- 
At a distance of 
400 yards before the driver passes the signal. 
9) The ¢ab-signals are not recorded. 
10) Yes; it can be used equally well in both 
eases and also for electric traction. 


Il. L. S. W. — 8) The contact-apparatus 


‘should be near the signal. 


9) The apparatus should work equally well 
in all cases, that is to say that it should al- 
ways work automatically. 

10) The Prentice wireless system, detona- 
tors in case of fog, and a system of signal 
lights also in case of fog. These can be used 
equally well for single lines and for double 
tracks. 


12. N. HE. — 8) Mechanical system : the 
track contact-apparatus has been ‘placed along- 
side the track-signal. — Electrical system : 
as we have already stated an indication is gi- 


_yen on approaching a distant signal, usually at 


about 150 yards before the signal itself. 

9) Mechanical system: : As we have already 
stated,.the driver can stop the working of the 
¢ab-signal onthe locomotive and no record 


_has been thought necessary. — Electrical sys- 


tem : the apparatus is so arranged that it is 
not necessary for the driver to stop the work- 
ing of the cab-signal. The « danger » signal 
continues untill all the signals im: the «« dan- 
ger » division have been dropped and super- 


“seded. 


10). Neither of the two ,types. of. apparatus 
has been used on single lines... With an elec- 
trie traction system some small modification 
of the apparatus would be necessary to enable 


~ it to be used on single lines. 


13. WV. St. <8) It should be placed a little 
before the signal. The N. 8. R. treadle has 
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been placed 65 ft. 6 in. before, measured to 
the centre of the tréadle. 

10) Yes; by making it suitable with an 
electric equipment. 


Australia. 


15. N. 8S. W. — 8) The track apparatus 
should be placed some distance before the sig- 
nal, and the distance adopted is 300 feet. 

9) The driver cannot throw the apparatus 
out of action. 

10) The apparatus can be used equally well 
for single line and for double-track sections. 


Roumania, 


22. H. R. — 8) We think that the apparatus 
in question should be placed at a distance of 
500 m. to 800 m. (550 to 880 yards) before 
the signals (500 m. or 800 m. according to the 
gradients of the line, in order to allow for 
the application of the brake to the train in 
time to avoid passing the signal). 

9) We consider, notwithstanding the utility 
of the arrangement described in this question, 
that it is better not to complicate the appar- 
atus. 

10) We have not adopted any up to the 
present. 


QupSsTIoNnS 1], 12, 13, 14. — 11) When the 
cab signal system was adopted, were the 
distant signals done away with, or do you 
at least think that you can do away with 
them without inconvenience? 

12) What is the approximate cost of this ap- 
paratus : 

a) Per locomotive ; 
b) Per signal? 

What parts cost most for maintenance? 

13) As regards the repetition and recording, 
on the locomotive, of the positions of the 
track signal, is this made compulsory by 
any regulations or is this left to your own 
initiative? 

14) Do you consider it an advantuge for the 
warning apparatus to act on the brakes in 
combination with apparatus for areyaping 
automatically? 


Have you tried this system, and with what 
arrangements (please give a description 
with explanatory drawings and photographs 
explaining it) and state the results ob- 
tained? 

In case of the automatic stopping system, 
have you discarded the distinct audible sig- 
nal when the ling signal shews « clear >? 


Belgium. 


1. H. B. — 11) No; on very important lines 
it is even necessary to arrange electric repeat- 
ing lamps and to light them when the atmos- 
pheric conditions prevent good visibility of 
the signals at night. 

13) Not at present. 


14) Yes; as we have already said, the pro- 
gramme of working of the apparatus should 
be as follows :“a) when the distant signal 
stands at « danger », to give, 200 m. (220 
yards) before this signal, a whistle blast 
which cannot be stopped except. by the driver 
taking action. 

b) When the distant signal is at « line- 
clear » to give a different whistle blast. 

c) To apply the brakes automatically and 
gradually at the distant signal if the driver 
does not take action to silence the whistle re- 
quiring him ‘to stop. 

d) To apply the brakes automatically when 
the home signal standing at danger is run 
past. 


United States of America. 


6. S. R. S. — 11) When these experiments 
were made the distant signals were not taken 
into consideration and we do not think this 
desirable even though cab-signalling should be 
fitted on all the locomotives. 


12) We have not sufficient data to enable 
us to estimate this expenditure, although the 
cost of the apparatus, with which we have 
made experiments, was approximately $350.00 
per locomotive exclusive of the cost of the 
track-signals. 


13) During the experiments which we have 
made, the cab-signals showed the position of 


‘the track-signals and we consider that this is 


. if 


— si = 


desirable and that it may be of use to the 
driver. 

-14) Yes; we consider it desirable that there 
should be a warning apparatus in combina- 
tion with the brake valve. For the descrip- 
tion of this arrangement see the particulars. 
This description is taken entirely from the 
data given by the inventor and it shows all 
the results obtained when we made the trials, 
but the apparatus was not then sufficiently 
near perfection for it to be considered quite 
satisfactory. 


Great Britain and Ireland. 


8. G. GC. — 11) As the apparatus does not 
act differently for the distant signal when at 
« line-clear » and when at ¢< danger » the 
question of suppressing these signals does not 
arise. 

12) As the prices are continually subject to 
variation we cannot give definite figures, but 
the system in question is, doubtless, among the 
cheapest, if it is not the cheapest that has 
been introduced up to the present into exist- 
ing practice. During the five years of ex- 
periment in actual service the renewals that 
have been necessary have been practically ne- 
gligible. 

13) There are no regulations in this country 
regarding cab-signalling. 

14) Our apparatus acts on the brakes only, 
by doing all that is necessary when continuous 
brakes are used. We have used no automatic 
apparatus, for long past, for shutting off 
steam, but there would be no difficulty in 
extending the range of the gear in this direc- 
tion if it were thought desirable. 


9. G. EB. — 11) It has been preferred to re- 
tain them. 

12) It has not been in use for long enough 
to enable us to state. 

13) There are no regulations. 

14) We consider it of advantage. 

We have made applications of the system. 

The audible signal has been retained. 


10. G. W. — 11) The distant signals have 
been abolished on some sections of single line. 
12) £108 per locomotive and £102 per sig- 


nal. The parts that require the greatest ex- 
penditure on maintenance are the contact. 
pieces of the shoe. 

13) There are no regulations. 

14) Yes; we think it of advantage. 
audible signals have been retained. 


The 


11. L. 8S. W. — 11) No system. has been 
adopted up to the present. 

12) We cannot state exactly. 

13) Up to the present nothing has been done 
in this direction. 

14) No; we do not consider it of advantage. 

No; we have not made experiments with 
this system. 

We have adopted no system up to the pres- 
ent. 


12. N. EB. — 11) No; they have not been 
abolished, nor has their removal been consi- 
dered. 

12) Mechanical system : approximate cost 
£4-9-1 per locomotive; £7-8-9 per signal. The 
parts that require greatest expenditure on 
maintenance are the contact pieces. — Hlec- 
trical system : When this was used for the 
first time its cost was approximately £25 per 
locomotive and £10-4-0 per signal. The parts. 
on the locomotive require the greatest ex- 
penditure on maintenance. 

13) This is not done according to any re- 
gulation. 

14) We have already replied to the matters 
mentioned in this question. 


Australia. 


15. N. S. W. — 11) The track distant sig- 
nals have not been abolished nor is it thought 
ge to do away with them. 

12) We are not in a position to be able to 
he this exactly at the present time. 

13) This is left to the initiative of the Rail- 
way Commissioners. 

14) It should act on the brakes only to @ 
limited extent. No other system has beer 
tried. 


Holland. 
De hee. Bs = be) Lhe repetition of track- 
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signals on. the locomotive is left to our own 
initiative. ; 
14) We consider it would be advantageous 
for the apparsiia to be able to act on the 
brakes. 


Roumania. 


22. H. R. — 11) We have not adopted repeat- 
ing apparatus up to the present. 


13): No; there are none that we have to ob- 
serve. : 


“ 14) “We ‘think it more advisable that the 
warning apparatus should not act automat- 
ically on the brakes, as one cannot be cer- 
tain that ‘a train following might not come 
into collision with one stopped in advance of 
it (when two trains are following closely be- 
hind one another). 


APPENDIX B. 


Apparatus for recording the running-speed-on locomotives. 


QuESTION 1. — Are all locomotives on your 
road equipped, or are they going to be 
equipped, with speed gauges? 

What. types of locomotives are so equipped, 
and for what service are they used (passen- 
ger or goods)? 

How many speed gauges of the different sys- 
tems are in use on your road? 


Belgium, 


1. H. B. — 1) The application of speed-indi- 
ecators is not required on all locomotives of 
the Belgian State Railway; only a small 
number are fitted with them. The appliances 
are fitted to locomotives of different types, 
they will be fitted to 75 locomotives of the 
type 8bis (8a) now under construction (loco- 
motives with six coupled-wheels 1.80 m, (5 ft. 
10 7/8 in.), in diameter with a leading bogie 
intended for hauling passenger trains on the 
Brussels-Arlon line =(gradients 16 per mil) ; 
we have in service a small number of the 
Deuta-Werke type on locomotives handed over 
by the Germans. 


Denmark. : 


2. BH. D. — 1) All the locomotives used for 
hauling trains are fitted with speed-indicators. 
We use these indicators only to show the ap- 
proximate speed with a view to assisting the 


driver, and we do not consider it necessary to 
use them. as real recording instruments. 


Spain.. 


3. A. — 1) We have ten goods locomotives 
of the Du Bousquet type fitted with the Fla- 
man speed-indicating and recording apparatus. 
We shail shortly put into service 15 mixed lo- 
comotives fitted with the same apparatus. 

4. N. H. — 1) The (291) modern locomotives 
of our Company, for passenger and goods 
trains, have all been fitted with speed-indi- 
cating and recording apparatus on the Hasler 
system. The apparatus is somewhat delicate; 


‘moreover the drivers do not take great care 


of it, as they consider it an adverse witness to 
them iin case of exceeding the maximum speed 
allowed; it follows that, notwithstanding the 
high cost of maintenance, the number of ap- 
paratus normally at work is extremely small. 


_ United States of America. 


5. H. — 1) No; the locomotives are not all 
fitted. Only about 35 passenger locomotives 
of the Pacific type are fitted with speed-indi- 
cators; -We: have ‘only the + “ales type of 
speed-indicator: ins use. 


6, S. R.. 8. — 1) None of the locomotives 


used on our service are fitted with a speed- 
indicator or recorder; speed-recorders have 


aa 


Ws 
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been used fairly largely on passenger locomo- 
tives some time ago, but not continuously. 


7. B. € 0. — 1) No; all the locomotives are 
or ought to be fitted with the apparatus; on 
our Railway System only the following classes 
of locomotive are fitted with speed-indicators. 


Type Number Type , Number 
of of locomo- of ‘1 of locomo- 
locomotive. . tives. locomotive. tives. 
Passenger locomotives. . 
A-i OL _h 1-4 | 41 
A-2 19 1-6 to B rt 
A-3 ‘to T4 | °° 26 1-6-68 ~ 4 
B-7 2 1-6-72 9 
B-7 to B 4 M-1 5 
B-8 to B i M-2 6 
B 44 44 M-162 4 
B45 4 M-odd. to B 2 
BATA 9 M-60-68 42 
B-18 A-188 15 M-68 3 
B-l19 A 42 P-Pa 35 
B-24 4 P-la 
B-45 A 3 P-laa | 36 
Cc 40 3 P-lb 
G-AT 4 P-3 30 
H-8 2 p-4 10 
H-8-106 6 P-5 10's 
H-9 4 
Goods locomotives. 
B-8 43 E-410 og ell 
B-29 4 E-8-50 4 
B-2 4 B-25 4 
Tolal passenger locomotives. 303 
Total goods locomotives 24 
327 


Total number of locomotives. 


The passenger locomotives as well as the 
goods locomotives are fitted on this Railway 
System with speed-indicators. The Boyer 
speed-indicator is used. 


Great Britain and Ireland. 


14, M. G. W. — 1) We use speed-indicating 
and recording apparatus carried in a special 
van which can be attached to any train. . We 
only use this type. 


Australia. 


15. N. &. W. — 1) No;-at present they are 
not all fitted with a.speed-indicator. Both 
goods and passenger. locomotives... This de- 


partment has made experiments with speed- 
indicators on the Boyer, Flaman, Hasler, and. 
Le Quertier systems and has decided in favour 
of the Flaman. ars 


Indian Empire. 


16. V. W. — 1). No; only a few locomotives 
were fitted with, speed-indicating and record- 
ing apparatus with the object of making ex- 
periments, and the appliances were not even 
installed in a permanent manner on the loco- 
motive as they were removed after the exper- 
iment. Mag 


17. B. B. C..—*1) Only 14 speed-indicating 
and recording appliances of the Hasler type 
have been fitted on locomotives of the follow- 
ing classes : 4 of class « 0 », 4-4-0, with out- 
side cylinders; 4 of class « M », 4-4-0, with 
inside cylinders; 5 of class « P », 4-6-0, with 
outside cylinders. All these .are passenger 


locomotives. . We only use this type. 
Greece. 
18. EH. @. — 1) Some of our locomotives are 


fitted with the Swiss Hasler apparatus. 


19. P. A. P. — 1) Fifty-five locomotives out 
of a total of eighty-two are fitted. All the 
locomotives running on passenger service. 
Various classes : 2-8-0; 2-6-0; 2-4-0. Only one 
system of speed-indicator is used. 


Norway. 


20. E. N. — 1) All locomotives on fast trains 
and passenger trains are fitted with a speed- 
indicator. The locomotives on goods trains 
and shunting locomotives are not fitted. In 
a division comprising 475 locomotives actually 
about 200 are fitted with speed-indicators. 


Holland. 


OimnerB, —— 1), The locomotives on our 
system are not all fitted with speed-indicators. 
There are actually 253 express locomotives in 
service, 62 goods locomotives, and 4 suburban 
locomotives fitted with the Stroudley _speed- 
indicator; 30 express locomotives fitted. with 
the Haushaelter speed-indicator; 116 locomo- 
tives. fitted with the Hasler speed-indicator, 
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and 32 express locomotives fitted with the 
Deuta-Werke speed-indicator. 


Roumania. 


22. E. R. — 1) A small number of our loco- 
motives for express and fast trains are fitted 
with Hausshaelter speed-indicators. This ap- 
paratus indicates and records speed and posi- 
tion as well as the time of running and of 
stoppages. . It renders appreciable services in 
ease of enquiries. 


Sweden. 


23. H. S, — 1) All the locomotives on the 
State Railways should be fitted with speed- 


indicators with the exception of the shunting. 


locomotives and of those of old classes. Six 
hundred locomotives are fitted with speed indi- 
cators of five different systems : Penta, Hauss- 
haelter, Hasler, Brinkmann and Kalb. The 
number of the Penta speed-indicators ‘is about 
500; of the Hausshaelter 65. The other sys- 
tems are represented by a few appliances 
purchased with a view to trials. 


24. B, — 1) a) Only those locomotives hay- 
ing a speed exceeding 60 km. (37.3 miles) 
per hour have to be fitted with a speed-indica- 
tor according to the regulations. — b) Thirty- 
three locomotives for stopping and fast trains. 
— c) Two different systems. 


25. H. N. — 1) a) No; only locomotives 
which have to haul trains at a speed exceed- 
ing 60 km. per hour are fitted with speed-in- 
dicators (Swedish law No. 40. 1905, § 21). — 
b) 5 locomotives, of the 1 C. O. elass, which 
have up to the present been used on passen- 


ger-train service. — c) Three systems. 
Switzerland, 
26. F. — 1) The Government Regulations 


require the fitting of recording speed-indica- 
tors on all locomotives used for hauling trains. 
Ameng the locomotives of the C. F. F. 91 are 
fitted with Hausshaelter speed-indicators and 
recorders; 583 are fitted with Hasler (modi- 
fied Hausshaelter) recorders; 336 are fitted 
with Klose recorders. 

The electric locomotives will in the future 
be fitted with speed-indicating and recording 


apparatus on the Teloc system constructed by 
the Hasler Co. at Berne. 


Yugo-Slavia. 


27. 8S. C. S. — 1) All our locomotives are 
not fitted with speed-indicators or speed-re- 
corders, and at present we have no intention 
of fitting all of those which are not already 
provided with this apparatus, because the dis- 
tribution of the locomotives in our country is 
not: completed. The newest of our locomio- 
tives are generally fitted with such apparatus 
as 1) C. E. S. Nos. 109, 110, 21-24, 115-118, 
121-126, 151-158, 601-620. Of these locomo- 
tives there are at present only a few running; 
the others have not yet been fitted, or are not 
in running order, and await repair. 

2) M. A. V, of the series : 220, 221, 222, 
223, 238, 324, 325, 327, 342, 370, 375, 376, 377, 
401, 421, 601 and 651. K. K. St. B. of the 
series : 2, 4, 106, 29, 229, 329, 429, 32, 34, 37, 
47, 48, 55, 155, 56, 59, 60,260, 65, 170, 270, 
73, 178, 80, 180, 380, 86, 88, 394, 97, 99, 199. 
Of these locomotives about 450 are now run- 
ning and these are the ones we use for pas- 
senger and goods traffic. 


QuEstion 2, — Do yow consider it better that 
the apparatus should only indicate the 
speed to the driver, that is to say, be a speed 
gauge pure and simple, or should it also 
record the sneed, that is to say, be a real 
recording instrument? 

What are the special reasons for having the 
speed of the train recorded? 

Are the advantages of doing this sufficient to 
counterbalance the cost of the examination 
of the records, of the paper tape and of the 
maintenance of the apparatus? 

Will this make it unnecessary for the train 
conductors and the station officials to keep 
records of the arriwal and departure of 
trains? 

Have you done away with the speed contacts 
on your line, which record the speed of 
moving trains at stations? If not, why 
not? 


Belgium, 
1. E. B. — 2) Yes; these appliances should 
only show the speed; recording appliances are 
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only. used under exceptional conditions with 
the object of research and experiment. The 
advantages of recording are not sufficient to 
compensate for the expense. The Dromope- 
tard ig still used, The Boulengé, too well- 
known to need description. The Dromoscope, 
which dogs not fulfil the object in view, has 
been given up. The Dromopetard has in par- 
ticular a moral effect on the driver. 


Denmark. 


2. H. D. — 2) We should add that at the 
present time we are making experiments with 
the speed-indicator amd recorder called the 
« Minimax », but, up to the present time, we 
have not obtained final results concerning the 
working of this appliance. Five fast locomo- 
tives, which will be delivered by Borsing (Ber- 
lin (will be fitted respectively with the speed- 
indicating and recording apparatus of the 
Deuta system and of the Briithn system sup- 
plied by the firm of Westendorp and Piper. 


Spain. 


3. A. — 2) We consider that it is of advan- 
tage to record the speed of the trains in order 
to check them and avoid exceeding the per- 
missible limits. The difficulties found in 
service during and after the war have not al- 
lowed us to use these appliances in a normal 
manner; we cannot speak as to the advantages 
of recording. We have never had speed indi- 
cators arranged on the track. 


4, N. B. — 2) In order that the speed-indi- 
cator may fulfil its functions properly it 
should not only be am indicator of the running 
speed, but also should give an exact record of 
this speed. It is desirable that the continuous 
speed should be recorded, in order to give in- 
formation of the running of the train, and to 
allow of @hecking the figures returned by the 
guard on his way-bill. The working of our 
recording apparatus is much too irregular for 
us to be able to think of abolishing the parti- 
culars kept by the guards and stationmasters 
relating to the hours of arrival and departure 
of the trains. We have no speed-indicator on 
the track to enable the speed to be known in 
the stations. 


United States of America. 


5. HE. — 2) We consider that the apparatus. 
should be indicating and recording in order at 
the same time to. show and record the speeds, 
We desire this with the object of better re- 
gulating the permissible speeds. Yes; the 
advantages are sufficient to compensate for 
the expense. No; this does not do away with 
the information recorded by the guards and 
stationmasters. We do not use speed-indica- 
tors placed on the track. 


6. 8. R. S, — 2) We consider that it is bet- 
ter, when speed-indications are required, as a 
condition for safety, that the apparatus should 
be recording and that it can be used or 
thrown out of gear according to circumstances. 
A special reason for requiring the recording of 
speeds is to enable a eheck to be kept on ex- 


-cessive speed and to obtain a better check of 


the manner in which the driver observes the 
regulations for safety of working. The speed- 
indicating and recording appliances are not 
necessary, except where there are abnormal 
conditions and where it is necessary to make 
corrections for shunting operations, or to ree- 
tify the tables of maximum speeds, or when 
other information is required which might 
make the paper record desirable. A record- 
ing apparatus would not do away with the in- 
formation recorded by the guard or by other 
employees relating to the times of arrival and 
departure of the trains. We have never used 
speed-indicators, placed on the track, with the 
object of ascertaining the speed of trains run- 
ning through the stations. 


7. B. & O. — 2) The apparatus should re- 
cord the speed, that is to say that it should be 
a true speed-recording instrument; actually 
on this Railway System the indicator records 
the speed in miles per hour on a paper rib- 
bon, so that it is permanently available. We 
wish to have this record to enable us to check 
the speed at which the trains have run be- 
tween certain points where speed limits are 
in force, and, in case of accident, in order to 
have indisputable proof that the train was 
running at excessive speed. We consider that 
the advantages that may thus be obtained 
justify the expenditure. The use of speed- 
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indicators and recorders has not. done away 
with the information recorded of the time of 
arrival and departure of the’ train in’ the 
block-signal cabins and ‘in the telegraph of- 
fices. The Baltimore & Ohio Co. has no ap- 
paratus in the stations for the object of re- 
cording the speed of passing trains. 


Great Britain and Ireland. 


14. M. G. W. — 2) Permanent records are 
desirable. We desire these records with a 
view to controlling whether the speed limits 
on some sections of the track are observed, 
and also with the object of checking the max- 
imum speeds no gradients, etc. -Yes; the ad- 
vantages are sufficient to compensate for the 
expense of the special diagrams 
above. No; this does not enable us to dis- 
pense with the information recorded by the 
guards and stationmasters. We do not use 
these appliances. 


Australia. 


15. N. S. W. — 2) We think that the ap- 
paratus should be a true recording instrument. 
We wish to have the record in order to check 
the guards, the drivers, etc. Yes; the ad- 
vantages compensate for-the expense. No; 
they cannot be abolished. This Department 
has no speed-indicators arranged on the track. 


Indian Empire. 


16. N. W. — 2) In daily use the apparatus 
should show the speed with the object of 
assisting the driver, and, at the same time, it 
should record it in order to enable the daily 
work of the driver to be checked. We require 
this record in order that the driver may be 
prevented from exceeding the limits: of speed 
on bridges, and in descending steep gradients, 
and to enable the Administration to check 
this. We do not know whether the advant- 
ages compensate for the expense. 


17. B. B. C. — 2) That depends entirely on 
the use which it is desired to’ make of the 
apparatus. We require recording only in 
cases where a special coal is used, or with 
the object of making other experiments. No; 
the advantages are not sufficient to compen- 
sate for the expense. No; the notes taken by 


described. 


the. guard and stationmasters cannot be abo-. 
lished. We have never used. these i - 


ances. 
Gress 
18. BE. G. — 2) We consider that the ap 


paratus should be speed-recording in order 


that the running of the driver may be check- 


ed. Yes; the advantages compensate for the 


expense. No; they cannot be abolished. 

19. P. A. P. — 2) We consider that the 
apparatus should indicate and record speeds. 
and stoppages. -We require to have a record 


with the object of. checking the running of. 


the trains. Yes; the advantages compensate 
for the expense. Yes; they can be abolished. 
No; there have never been any. 


Holland. 


21. H. P. B. — 2) We think the advantages. 
of speed-recording sufficient to compensate the 
expense involved in the verification of the 
diagrams, etc. We have not given up the use 
of the speed-indicators arranged on the track 
for enabling us to eheck the speed of the 
trains over dangerous places. 


Roumania. 


22. H.R. — 2) We desire to record, as it 
may be of distinct value in the case of acci- 
dents... We think that it is advisable to fit. 
the apparatus only to fast and express train 


locomotives. No; they cannot be abolished 


because the accuracy of the recording appa- 
ratus is not sufficiently close. We have 
never had any although a advantage ap- 
pears. self-evident. 


Sweden, 


24, B. — 2) a) We think that the appa- 
ratus should only indicate the speed of run- 
ning to the driver. — 6) In 1900 we fitted 
three locomotives with speed-indicating and 
recording apparatus with a view to ascertain- 
ing the true cause of delays and. particularly 
the length of the stops. The data obtained 
produced improvements in the running of the 
trains, but we thought. that continuous con- 
trol was too expensive. —-c) Yes; if the 
driver runs too fast, the traffic superinten- 
dent is informed and the driver is ultimately 
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punished. The speed is generally, and in our 
cireumstances sufficiently well, checked by the 
time of running. — d) We have given up 
using them. 

25. H. N. — 2) a) As the chief object of 
speed-indicators is doubtless to show at each 
moment the speed at which the train is run- 
ning, we are of the opinion that a speed-in- 
dicator should -be~ limited ‘to showing the 
speed and should not record it. — 6) We 
consider recording desirable in the case where 
a special check is required on the speed of 
the train, on the stops, etc., and with the 
object of affording evidence, in case of acci- 
dent, of an indisputable character regarding 
the speed at which the train was being dri- 
ven at the time of the accident. — ¢) We do 
not consider that the arguments on this ques- 
tion given above show such advantages that 
they can compensate for the cost of paper and 
maintenance of the apparatus. The speed-in- 
dicating and recording appliances that we 
have used (Hausshelter) soon wore out. They 
were replaced by non-recording indicators 
which have shown themselves more durable 
and less costly. — d) No; they cannot be 
abolished. — e) We have never had any. 


Switzerland. 


26. F. — 2) The C. F. F. give preference to 
recording appliances because these enable the 
effective speed of running to be checked, for 
example, on gradients or on sections where 
low speeds are necessary, and because they 
give information relating to the time lost in 
running or during stops at the stations. The 
advantages are sufficient to compensate for 
the expense of checking and maintenance, as 
these expenses are small. The notes cannot 
be abolished. The reading of the record dia- 
grams is, too difficult for general use. More- 
over, it would be necessary that the Hauss- 
helter, Hasler and Klose appliances should be 
combined with clockwork as in the Teloc ap- 
paratus. The ©. F. F. only use indicators on 
the track under certain very special cir- 
cumstances, on very long underground sec- 
tions (St. Gothard and -the Simplon . tun- 
nels). ‘They are, moreover, arranged rather 
with the view to informing the stations of 


the positicn of the trains at any instant, than 
of checking their speed. 


Yugo-Slavia. 


27. 8. O. 8S. — 2) We think that the appa- 
ratus should not only show the driver the 
running spéed, but should also record this 
speed, both for enabling the driver’s work and 
the running of the traiin to be checked. We 
think the utility of the appliance is- suffi- 
ciently great to compensate for the cost of 
its maintenance. 

With regard to the double check and in 
view of the fact that such apparatus is in- 
tended for the direct information of the traf- 
fie service we think that taking note of the 
times of the arrival and departure of the 
trains by the traffic staff.is necessary. 

We have no apparatus for recording the 
speed’ at which trains run through the sta- 
tions, and at the present time we have no in- 
tention of introducing them, as we have more 
urgent expenditure in view. 


Question 3. — What speed-recording devices 

- have you adopted, whith. of them have. you 
tried, and which are you still trying? 

Please give a detailed description of them, 
with drawings, also showing how they are 
actuated; also state what results have been 
obtained in the tests made with the diffe- 
rent types of apparatus. 

Does the device record at once any variation 
in the speed, or does it record average speed 
only? 

After how many seconds does it record the 
average speed? 


Belgium. 


1. E. B. — 3) Before the war the Belgian 
State Railway made use of the Flaman appa- 
ratus made by the Vatreanson Works, 11, rue 
de Swanchu, Paris, and of recording appara- 
tus of the Hasler type. These appliances have 
not been replaced since the armistice. The 
other systems tried before 1914. have been 
abandoned. The apparatus that. will be fitted 
on the locomotives of class 8bis (8a) men- 
tioned above, is the. non-recording speeed-in- 
dicator. of the Tel system.made by the Hasler 
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Co. of Berne. It is described in the Bulletin 
of the Railway Oongress (February 1914). 
The Tel speed-indicator shows the speed every 
second. This speed is the mean for the last 
two. seconds. 


Spain. 


3. A. — 3) Flaman apparatus as used in 
France and described in the Revue générale 
des chemins de fer. 


4. N. EH. — 3) The only apparatus tried 
and adopted ‘by our Company is that made 
by the Hasler Co. of Berne. The pointer of 
the apparatus shows the speed of the loco- 
motive every six seconds; it is recorded on 
the diagram every twelve seconds. 


United States of America. 


5. H. — 3) We have adopted the Boyer 
speed-indicator and recorder, but we are ex- 
perimenting at the present time with other 
apparatus. The apparatus shows the actual 
speed and this is recorded instantaneously. 


6. S. KR. 8. — 
the Boyer speed-indicator and recorder, which 
is still in use om some carriages; but it has 
not. been retained on the locomotives. The 
speed-indicator used on the locomotives show- 
ed the speed while the locomotive was running 
without recording it; the speed was shown by 
a hand on a four-inch dial. The Boyer speed- 
indicator and recorder shows the speed.on a 
dial, which can be placed where desired, and 
it records the speed on a paper strip inde- 
pendently or otherwise of the speed dial. The 
record-strip is marked while the vehicle is 
running and all variations of speed are con- 
sequently recorded. This apparatus has been 
used to a great extent in conjunction with the 
apparatus supplied by Julian Beggs for reduc- 
ing the speed by means of the air-brakes, the 
recording-apparatus being so arranged as to 
cause the application of the brakes when a 
certain speed has been exceeded. 


7. B. &€ O. — 3) The Boyer speed-indicator 
is our regular speed-indicating apparatus for 
locomotives, and is fitted to 327 locomotives, 
as already stated. Other types of speed-in- 
dicators have been examined, but none of them 


3) We have made trials with* 


has. yet. been fitted to our locomotives for 
trial, and we are not in a position, at pre- 
sent, to diseuss their advantages. When pro- 
perly used and kept in good order the Boyer 
speed- indicator gives good results. The Boyer 
speed-indicator records the instantaneous speed 
on a graphical diagram. 


Great Britain and Ireland. 


14. M. G. W. — 8) The special van for 
speed-recording and speed-indicating can be 
attached to any train when desired and it is 
fitted with a Boyer speed-indicator. The ap- 
paratus records all variations in speed instan- 
taneously. 


Indian Empire. 


16. VN. W. — 3) We have adopted no speed- 
indicating and recording apparatus for gene- 
ral use; but we have made experiments with 
many appliances~ constrnoted iby various in- 
ventors such as the speed-indicators of Boyer, 
Stone’s,- Jones and Hausshelter. We found 
the Hausshelter type the most satisfactory, 
although it is a complicated and delicate piece 
of apparatus. We have twelve of these on 
our Railway System, but. they are only used 
when it is desired to make special speed-tests 
or for tests on bridges, etc. The Haussheelter 
ppeed-indicating and recording apparatus 
shows the speeds in miles per hour about eight 
times in 1 1/2 minutes, on a moving paper- 
strip which jis perforated by the recording 
needles. The speeds in miles per hour are 
thus recorded on a uniform time base and a 
variable distance base. The recording needle 
perforates the paper every twelve seconds and 
the time base is marked with a fat every 
1 1/2 minutes. 


17. B. B. €. — 8) We have Rate adopted 
the Hasler speed-indicating apparatus. No; 
it is not limited to recording the mean’ speed, 
but it also records all varia in’ this 
speed. | A 

Greece. des 

18, H. G. — 3) We have adopted the Hasler 
speed-indicator (of Swiss make). The appa- 
ratus gives the running and the speed of the 
locomotive at any instant as a continuous 
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curve, and it shows the mean speed every five 
seconds, etc. 3 

19. P. A. P. — 3) We have adopted the 
Sirius apparatus of Dr. W. Schaufelberger of 
Zurich. This apparatus shows the variation 
of speed continuously. 


Norway. 


20. EH. N. — 3) The speed-indicators used are 
the non-recording appliances supplied by the 
« Deutsche-Tachometerwerke ». About twenty 
years ago a certain number of locomotives 
were fitted on trial with Hausshaelter speed- 
indicating and recording apparatus, but these 
appliances required so much upkeep that ut 
was necessary to take them out after a rather 
short period. 


Holland. 


21. HE. P. B. — 3) The speed-indicating ap- 
pliances that we have adopted are the follow- 
ing Hasler, Hausshaelter, Stroudley and 
Deuta. 


Roumania. 


92. BH. R. — 3) We have adopted speed-in- 
dicators of the Hausshelter system, which 
do not give an instantaneous indication of the 
speed; the record only gives the actual speed 
when this remains constant for about ten sec- 
onds. (Further trials of this are under consi- 
deration) . 


Sweden. 


23. BH. S. — 3) We have adopted speed-indi- 
cators of the Penta system and of the Hauss- 
haelter system, and we have also made trials 
of the Hasler, Brinkmann and Kalb system. 
There is nothing novel in the driving gear. 


24. B, — 3a) We have adopted the fol- 
lowing, speed-indicators : Hasler Co. of Berne, 
Tel system, (indicating only). The Horn 
speed-indicator, Manchester. The Haussheel- 
ter speed-recorder. e 

bd) We have made experiments with the Sie- 
mens and Halske indicators the Ferrari and 
Frehm system. (We have tried the Kalb 
speed-indicator of Hartmann and Braun of 
Frankfort-on-Main. 

c) We have no speed indicators undergoing 
trial. 


d) We have found that the Horn speed-in- 
dicator is the most durable. i 

e) The Hasler speed-indicator of the Tel sys- 
tem shows the mean speed every two seconds. 


25. H. N. — 3) We use the following speed- 
indicators : a) The Tel speed-indicator made 
by the Hasler Company of Berne. — 6b) The 
Penta speed-indicator supplied by the firm of 
Fritz-Egnell of Stockholm. — ¢) The speed- 
indicator consisting of a magnetic-indicator 
and a tachometer with a pointer, manufactur- 
ed by the Hartmann and Braun Co. of Frank- 
fort-on-Main. 

a) The speed-indicator made by the Has- 
ler Co. of Berne is the one, out of all those 
tried, that has been the longest in use (since 
1912) and the one which has proved itself 
very durable and reliable. The speed is re- 
corded every three seconds. — 6) The Penta 
speed-indicator is applied to two locomotives, 
it has been running for two years and works 
quite well. All variation in speed is shown 
instantaneously. — c) The speed-indicators 
supplied by the firm of Hartmann and Braun 
of Frankfort have recently been fitted to two 
locomotives. We are not yet in a position to 
give an opinion regarding them. However 
this may be, speed-indicators of this type have 
been fitted to the automotor-cars, fitted with 
Diesel engines, belonging to this Company, and 
have been found of advantage in that case. 


Switzerland, 


26. F. — 3) The Swiss Federal Railways 
have not adopted a uniform type of speed-in- 
dicator up to the present time; some branches 
of the Railway Administration prefer the 
Klose apparatus and others the Hasler. No 
other types have been tried, except the Teloc 
system used on the electric locomotives. The 
Klose apparatus records the instantaneous 
speed; the Hasler apparatus records the aver- 
age speed over a period of twelve seconds. Fi- 
nally the Teloe apparatus, made by Hasler, re- 
cords the mean speed during the last second. 


Yugo-Slavia. 


27, §. 0. S. — 3) We use apparatus of the 
Hausshelter system and are satisfied with it. 
We have not tried other systems, and do not 
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propose, at present, to make trials. It is un- 
necessary to describe the Hausshelter giles 
tem, as it is well known. 
Our appliances show the speed every six 
seconds and give the mean for twelve seconds, 
Ka 
‘Question 4, — Is the introduction of speed- 
recording devices left to your own initiative, 
or is this made compulsory by any regula- 
tions? 


Belgium. 


1. H, B. — 4) It is not required by the Bel- 
gian State regulations. 


Spain, 
3. A, — 4) There are no regulations making 
the fitting of speed-indicators compulsory. 
4. N. H. — 4) The installation of these ap- 
pliances on the locomotives is not required by 
the regulations. 


United States of America. 


5. H. — 4) This is left to the initiative of 
the Railway System. 

6. S. R. 8. — 4) The installation of speed- 
indicating and recording apparatus is left to 
the initiative of the Company, and there are 
no regulations making it compulsory. 

7. B. & O. — 4) Speed-indicators are not 
compulsory at present under the Government 
regulations, but they are fitted to the locomo- 
tives selected by the « Operating Department », 
with a view to recording and checking the 
speeds of our locomotives. 


Great Britain and Ireland. 

14, M. G. W. — 4) This is left entirely to 
our initiative; there are no regulations with 
regard to this. 

Australia, 

15. NV. 8S. W. — 4) This is left to our initia- 
tive. 

Indian Empire. 

16. VN. W. — 4) The installation of speed- 
indicating .and recording apparatus is not 


made obligatory by regulations on-this Rail- 
way System. 


17. B. B. GC. — 4) This is left entirely to- 
our own initiative. ae 


Greece. 


18. E. G. — 4) The initiative of the Railway 
System. 

19, P. A. P. — 4) The installation of speed- 
indicating and. recording apparatus depends 
entirely on our own initiative. 


Norway. 


20. H. N. — 4) The installation of speed-in- 
dicators on the locomotives is not made com- 
pulsory by the regulations, but is left to the 
initiative of the General Management. 


Holland. 


21. E. P. B. — 4) The installation of speed- 
indicating and recording apparatus is ps to 
our own intitiative. 

' 92. E, R. — 4) It is not made compulsory: 
by the regulations. 


Sweden.. 


23; HE. S, — 4) The method of installing is 
not laid down in the regulations. 


24. B. — 4) Only those locomotives that 
run at over 60 km, per hour are required by 
regulation to be fitted with a speed-indicator. 

25. H. N. — 4) By the statutes of the Swe- 
dish law it is laid down that all locomotives 
that run at over 60 km. (37.3 miles) per hour 
must ke fitted with speed-indicators. 


Switzerland, 


26. F. — 4) Speed-indicators had already 
heen adopted by private Railway Companies 
during the period 1880-1890. Since that pe- 
riod the installation of speed-recorders on the 
locomotives has been made obligatory by the 
Swiss Federal Railway Department. 


Yugo-Slavia. 


27. 8. C. 8. — 4) The ap ieatilg should 1 ‘be 
fitted on the locomotive in a vertical: position; 
and when taken down it should not be placed 
in a horizontal position till it has- stopped. 
The apparatus is fitted in the locomotive cab 
(on the driver’s side). j 
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“Investigation of the running of locomotives on curves, 
According to Dr, Engineer H. UEBELACKER. 


Figs. 1 to 16, pp. 888 to 909. 


(Organ fiir die Fortschritte des Hisenbahnwesens, 1903.) 


The object of following report is to make known to engineers who are not very 
conversant with German the theory established by Mr. Uebelacker on the investigation 
of the running of locomotives on curves. This investigation will always be one of 
actual interest on account of the wheel base which is often of such great length in 
locomotives of modern construction. We have put on one side the calculation of 
resistance to motion in a curve as being less useful in practice; on the other hand we 
have somewhat modified the method of explaining matters by making use of graphical 
processes rather than algebraical calculations. Motion in a curve is considered only 
as a uniform motion, but this seems to be all that is necessary in practice, unless very 
small curves are taken into account in which locomotives never run at any great speed 
and where the forces due to inertia are negligible. Practical examples only are dealt 

* 


“with by Mr. Uebelacker. 


Jae 1 Bie 


GENERAL THEORY. Let w be the angular velocity of the 
axle round the centre C of the curve, 
the radius of the curvilinear centre 
line of the road. 
We shall get 


‘We will take for granted in what fol- 
lows that the locomotive in running 
keeps its relative position in respect to 


the curve without producing undue AC 
ee crore Se agatueh. Aue and on account of relation between si- 
Let us first consider the motion of a milar triangles : 
non radial axle AB (fig. 1), and we will u__ Ado 
begin by supposing that it does not refer Ve AC 
to a driving axle. from which 
Let V’ be the real speed of the point A - y' 
(of the centre line of the axle). Resolve — u=AAoX Me 


this speed according to the centre line 


of the axle and the plane of the wheel. oF 


We shall thus get the resultants u and w’ - “= x. a (1) 
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In the same way may be found 


> ww! = AG, 
in which 
| ¢ $s 
w= (+5) (2) 


| 
| 
tof b 


Janie, le 


As regards the wheel B, it will be 
found for the component of V which 
follows the centre line of the axle, the 
same value as for wheel A, that is to say 
u = x . w and for the perpendicular 
component, 


w=(>—5).0 (3) 


We will suppose that the tyres are cy- 
lindrical, which will give a very small 
error and*in many cases the hypothesis 
will correspond with the reality. 

The wheels A and B being keyed to 
the same axle, it follows that a slipping 


action takes place at the contact of 
wheels and rails. The total velocity of 
the slipping will be equal to 


w'—w=s.w. 


If the coefficients of friction at the 
contact of the two wheels are the same, 
it must be admitted that each wheel will 
slip on the rail with a velocity 

ae 

v= 3 5 

so that in the last analysis action takes 
place from the frictional point of view 
as if the axle AB was submitted to a 
rotary motion w round its middle point 
M, and a side motion u = w.a follow- 
ing the centre line of this axle. These 
two elementary displacements become a 
simple rotation w» round the point M si- 
tuated on the perpendicular to the centre 
line of the axle at a distance 


u 
MoM == = nN, 
Ww 


This reasoning may be repeated for a 
series of axles grouped rigidly in the 
framing, and it would be ascertained 
that for each of the axles action takes 
place as if the rotary motion w took 
place round the point M, foot of the per- 
pendicular dropped from the centre of 
the curve on to the centre line of the 
vehicle. 

This point will be called centre of 
friction (). 

When slipping takes place, the fric- 
tional effort caused by the rail on each 
wheel cannot exceed /Q, f being the 
coefficient ‘of friction and Q the load 
on the wheel. On each wheel therefore 
an effort fQ will be produced which 
will be. directed tangentially to a cir- 
cumference having for centre the centre 
of friction M (fig. 2). 


(1) This title must not be confused with that of 
instantaneous centre’of rotation. The instantaneous 
centre of rotation of all the axles is in this case the 
centre € of the curve. 


2 BSD 


The sum total of the forces f{Q must be 
in equilibrium with the exterior forces 
acting on the vehicle, These exterior 
forces are for instance the guiding thrust 
of the rail on the first outside wheel, the 
guiding thrust of the inner rail on the 
back wheel, a transversal reaction at a 
point of the framing (bogie, pivot), etc. 


Fig. 2. 


If this condition of equilibrium does 
not take place, this will evidently; prove 
that the vehicle does not occupy a 
stable position, it will turn round the 
point A, the angle o. will therefore be 
altered, until the point M, foot of the 
perpendicular dropped from the centre 
CG on to the centre line of the vehicle 
occupies the required position. 

When the vehicle occupies a stable 
position, the position of M is such that 
the sum total of the frictional forces fQ 
found, as explained above, is in equili- 
brium with the exterior reactions. 

In the case where the vehicle circu- 
lates freely between the rails, that is to 
say, without reaction from the rail at 
the back, the frictional resultant fQ must 
pass longitudinally through the centre 
line of the first axle. This resultant is 
then equal to and directly opposite to 
the guiding thrust Y of the 1ail (fig. 2). 
M may easily be determined by proceed- 
ing graphically. This will be found out 
by trial; a first point M will be chosen 
situated close and in front of the back 
axle and then moved along the centre 


line of the vehicle until the resultant of 
the frictional forces passes through A. 
The point M which satisfies this condi- 
tion will be the effective centre of fric- 
tion. 

As may be seen, when the vehicle cir- 
culates freely in the curve the position 
of the centre of friction M is independent 
of the radius of the curve. 

To obtain an exact idea of the posi- 
tion of the vehicle in relation to the 
curve, it is only necessary to raise a 
perpendicular to the centre of friction 
M and to add a length equal to p to 
determine the centre C of the curve. 

It is moreover easy to calculate the 
amount of play y,, y, between the wheels. 
and the outside rail. 

In a general way, if y, represents the 
play between the first outside wheel and 
the rail, the play y, of the wheel n si- 
tuated at a distance d, from the first 
axle will be given by the formula 


x4? —— Oy 


a a a (4) 
or 
2x4dn —- d,,2 
yn = Yat Reese (5) 


or further, 


dy? 4+- 2xndn (6) 
2p 


Figure 3 gives at once these relations. 
x, is the distance from the centre of 
friction M to the front axle’ 


Vio ae 


If the outside front wheel bears on the 
rail, then put y, = 0. The wheel n 
will touch the inside rail if y, =o, O 
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‘being ‘the total play between rails. We 
‘shall thus get (eq. 6): 
_ an? + 2xndn 
29 
from’ which 
ees dn 
oS Se 3 (7) 
or further 
63 4 dn 
wy, ue 9 (8) 


The geometrical condition in order 
that the back axle may be radial is ob- 
tained by making a, = 0. ; 


2 
fis (9) 


Let us now consider the case when the 
locomotive is working, and in which it 
develops a tractive effort Z (fig. 4). 


Fig. 4. 


This tractive effort can only be obtain- 
ed in consequence of the adhesion of 
the wheels on the rails; during the gen- 
eral slipping action which is produced 
in a curve, an additional slipping action 
will be produced at each wheel in the 
opposite direction to the tractive effort. 

One of the velocities v and v’ will 

‘therefore be increased, and the: other 
reduced, according to a fixed value of 
*a constant quantity ‘for all the wheels, 


which are by supposition coupled, and 
‘equal to v.. 

‘We have seen that when the engine is 
running without steam (Z = 0) and that 
the first wheel only bears on the rails, the 
frictions ‘at the contact of the rails in- 
crease ‘as if the engine was subjected 
to a rotary motion » round the centre 
of friction M, which is the foot of the 
perpendicular dropped from the centre 
of the curve on the centre 2S of the 
engine. 

When the engine degetous a tractive 
effort Z, we have then to consider a sup- 
plementary velocity of translation com- 
mon to all the axles and which we have 
called v,, 

The combination of this translation 
action v, with the rotary motion w 
round M gives a rotary resultant w round 
a point M, situated on the perpendicular 
at M in the centre line of the engine 
and so that 


=a MM ES 
t¢)) 


This point M,is the new centre’ of 
friction and is valid for the combination 
of all the coupled axles. It is situated 
towards the outside ofthe curve when 
Z is a tractive effort. 

It would be forced towards the inte- 
Tior-of the curve if Z was negative, and 
acting as a brake. 

All the frictional forces at the con- 
tacts of the wheels will therefore be 
directed tangentially towards the cir- 
cumferences: round centre M, e 

As before, the resultant of ‘all these 
frictional forces must Balance the exte- 
rior reactions. 

In the most’ simple case, the outside 
front wheel bearing alone on the rail 
and receiving from the latter-a thrust 
Y, the resultant’ of frictions must pass 
through the middle of ‘the front axle, 


‘point of intersection of the forces ¥ 


and Z.; 
The longitudinal component: of this 
resultant. will be: equal to Z,' and the 
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transversal component will be equal 
to Y. 

If the resultant passes beyond M, the 
engine will turn round the bearing point 
of the wheel A and will approach the 
outside rail, at the same time the dis- 
tance M.M will decrease and the condi- 
tions of the problem will be changed. 
In this case therefore the position is not 
stable. 

The contrary will happen if the fric- 
tional resultant passes beyond M,. The 
stable positions are characterised by the 
condition that the resultant of frictions 
(tangential in relation to M,) passes 
through M,. 

It is easy to see that there are an infi- 
nity of points M, which satisfy this con- 
dition of stability. They are situated 
on a curve like that shewn in figure 5, 
and which is asymptotical relatively 
to a perpendicular to the centre line of 
the engine in the middle of the whole 
wheel base. 


At each point M, there is evidently a 
different corresponding tractive effort Z. 

There is therefore in the last analysis 
a point M,, centre of friction, which 
satisfies all the conditions of equili- 
brium. 

If the value of Z is fixed, it will be 


necessary to find the position of the 
point M, by trial. 

It is as well to point out that the geo- 
metrical position of the points M, as 
well as the determining of the point M, 
corresponding to the tractive force Z 
are independent of the radius of the 
curve. 

The only condition for determining 
the centre of frictions M, is that it gives 
a frictional resultant passing through M, 
of which the longitudinal component is 
equal to Z. 

The preceding is evidently only valid 
when the outside front wheel alone bears 
on the rail. 

The centre M, being determined, a 
perpendicular M,M is dropped on the 
centre line of the engine and extended 
a length p so as to reach the position of 
the centre of the curve C. 

Having fixed all these details, the 
exact position of the locomotive relative 
to the road can be established and the 
amount of play of all the wheels be de- 
termined as previously pointed out. 


* * 


When an inside back wheel bears on 
the rail, the stable position of the engine 


Fig. 6. 


is evidently well defined a priori, for it 
depends on the total play p and the ra- 


V-VI-11 


+ 


— - —3 


— 892 — 


dius of the curve. The centre of friction 
will be found on the perpendicular 
dropped from the centre C on to the 
centre line of the engine. It will be 
found on the centre line (z = 0) when 
the engine is running without steam and 
at a distance z determined for Z#~0. In 
this case the reactions Y and X of the 
outside and inside rails would be found 
in resolving according to the direction 
of these lines the transversal component 
of the resultant of frictions. 


* 
* * 

When we consider the influence of 
the reactions of the rail on the locomo- 
live, Y or X,.the transversal component 
G of the frictional force fQ must not 
be neglected. This component has ge- 
nerally to be deducted from the reaction 
Y or X, but it may happen that it 
exceeds the reaction itself. The action 
of the rail, instead of being directed 
towards the interior of the roadway, is 
then directed in the opposite direction, 
and algebraically would then have a 
negative value. This case happens fre- 
quently with back axles. 

The negative value of a reaction of the 
rail is evidently limited to the frictional 
effort fQ itself. 

The reacticns of the rails are interest- 
ing to know, not only to judiciously fix 
the dimensions of the parts of the loco- 
motive, but also to guard against the 
risks of derailing. 

* 
* * 


Slipping action in the particular case 
when the wheels control the direction. 


Under the influence of the guiding 
reaction Y and X, the wheel is induced 
to roll on parts that are fixed at a greater 
angle directed towards, the hollow of the 
tyre flange until equilibrium takes place 
between the forces acting at the point 
of contact in the part of the inclined 
plane under consideration. The slipping 


action of the wheel no longer takes place 
in a horizontal plane, but in an inclined 
plane set at an angle o (fig. 7). 

The velocity of transversal slipping u 

u 
cos 4 

The slipping velocity v remains as be- 
fore. 

This slipping in the inclined plane 
will then take place according to the 


becomes 


resultant of these two velocities 
cos a 


and v. : 
The frictional effort will consequently 
be no longer fQ but 
f (Q cos a + Y sin a) 


and should be found in the direction of 


the resultant of —“— and of v. 
COs 


Bigeye 


To obtain transversal equilibrium, we 
shall therefore have to write down that 


7 (Q cos a + Y sin «) cos 6 
balances 
Q sina — Y cos «4 
or 
f(Q cosa -+ Y sina) cos 8 = Qsina 


— Ycosz 
The slipping will therefore take place 
towards the bottom as soon as. 
Q sina—Y cos « > f(Q cosa+Y sina) cos 
or egy 
tan a — f cos 
sae 1+f at = 


When Y is greater than this value, de- 
railing is to be feared. 


(10) 


—_—.mC 
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The value to be considered for angle q 
is 60° for the normal section of flange, 
angle ~ is determined as soon as the 
centre of friction M or M, is known. 

If possibilities of derailing are consi- 
dered, an unfavourable hypothesis may 
be constructed by making —B = 0. The 
formula (10) thus becomes by putting 

1 
TS 
¥ = 5.7 /Q (11) 

It should be pointed out that Y is in 
this case the reaction of the rail on the 
wheel without taking into account the 
slipping of the latter. With these hypo- 
theses, the total reaction is 

R == Y —fQ cos 8 
and if we put cos B = 1 it is found that 
derailing is to be feared, as soon as the 
total reaction on the wheel reaches the 
value. 


R= 4.7/Q (12) 


Investigation of some types of loco- 
motives from the point of view of 
running on a curve. 


i 
Arrangement type A. 


Locomotive with four coupled axles without 
a carrying axle. 


We will suppose the axles to be equal- 
ly loaded and at equal distances of 1 m.5 
(4 ft. 11 in.) from each other so as to 
give a total wheel base of 4 m. 5 (14 ft. 
9 1/8 in.) 


The width s between rails is equal to 
1m. 5 (4 ft. 11 in.) 

We will first of all consider the posi- 
tions the locomotive would take when 
running without steam. 


First case. — When the front outside 
wheel only bears on the rail, We 
have seen above that when Z = 0, the 
centre of friction M is placed on the 
centre line of the locomotive and 
that its position, which is independent 
of the radius of the curve, is determined 
by the condition that the resultant of the 
forces {Q must pass through A. By trial, 
it is found that in this particular case M 
is situated at a distance x, = 4 m. 01 
(13 ft. 1 7/8 in.) from the front axle. 

The resultant of the frictional forces 
is directly opposed to Y and equal to 


Y = 4.396 fQ_ 
The total thrust of the rail at A will be 
Ry = Y — G; = 3.415 fQ 


G, being the transversal component of 
the frictional force fQ on the wheel 1. 

The guiding action of the rail, R,, re- 
mains consiant, whatever may be the 
radius of the curve, so long as the 
wheel A alone makes contact with the 
outside rail. 


Second case. — The back wheel B 
makes contact with the inside rail at the 
same time as the front wheel A bears on 
the outside rail. 

This begins to happen in the first 
instance at a particular radius of the 
curve given by the equation 


24d, — d,? 
ee Sed A a (5) 


if we take o — 0.035, we find for the 


limiting radius _ 
_ Qxids—dy?_ 2X 4.01 X45 —45° 
Se ras 0.07 
= 226 metres. 


For radii below 226 m. (11.3 chains), 
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the wheel B continues to bear on the 
rail, but the centre of friction M, foot of 
the perpendicular dropped from the cen- 
tre of the centre line of the locomotive 
moves towards the front. 

We find for instance for p = 180 m. 
(9 chains), o = 0.035. 


d 
ee = +S = 3m. 65 (11 ft. 1] 11/16 in) 
4 


The centre of friction M determined in 


this way will serve to trace out all the 


frictional forces fQ, their resultant will 
be found and then resolved according to 
the lines of the reactions Y and X. 


Y = 4.31 fQ 
X = 0.647 /Q 
The transversal components of the 
frictional forces in A and in B are res- 
pectively 
Gs = 0.98 FQ 
Gs = 0.750 fQ 
So that the total reactions of the rail at 
A and at B are respectively 
Ra = (4.31 — 0.98) fQ = 3.33 fQ 
Rs = (0.647 — 0.750) fQ = — 0.103 fQ 
It will also be found that in a general 


way the requisite condition for the back 
axle to bear on the inside rail is 


dy 
co < xd, — 2 (formula 5) 


or in the case we are considering : 
On = 7.92 


It will be seen therefore that when 
p = 180 m., the condition under which 
the back axle may bear on the inside 
rail is 

7292 


Soe Anon O m. 044 (1 218 inches). 


* 
* * 


Let us now consider the case in which 
the locomotive works. We will take for 
the tractive effort Z the value 6.2 fQ. 


As we are dealing with a locomotive 
with 8 coupled wheels, the swivelling 
action should be produced when Z=8 [Q, 
the chosen value 6.2 fQ shews therefore 
the margin left to avoid the swivelling 
action. 

We will consider different cases as 
hefore : 


First case, — The front wheel A bear- 
ing alone on the rail with the back part 
of the engine running freely between the 
rails. We have already seen that in this 
case a centre of friction M, has to be 
considered which is situated towards the 
outside of the curve and at a distance z 
from the centre line of the locomotive. 
The resultant of the frictional forces fQ 
must pass through the middle of the 
front axle in order that the position we 
are considering may be stable. With 
Z = 6.2 fQ we find 


z=2m. 33 (7 ft. 7 3/4 in.) 
x)= 3'm. 64 (CL ft 115/716.3ne) 


1 


The reaction Y equal and opposite to 
the frictional resultant is equal to 


Y¥ = 2.899 /Q 


the transversal component G,’ of the 
frictional force at the wheel A is 


Gy’ = 0.915 fQ 


so that the total reaction of the rail on 
the wheel A is 


R, = 1.984 /Q 


We may point out that the position of 
the centre of frictions M, relative to the 
locomotive being independent of the 
radius of the curve, the reaction R, is also 
independent of the radius of the curve. — 
This happens as long as the front wheel A 
only bears on the rail. 

It will be seen therefore that the reac- 
tion R, of the rail is smaller when the 
engine is working. 

As before, the exact position of the 
engine between the rails may be deter- 
mined for each radius, and also from 


ps ital 
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what radius the back wheel B bears on 
the inside rail. 

If we put o = 35 mm. (1 3/8 inches) 
we find that 


ae Qo4d4 == d,? 


5 = 179m. (8.95 chains) 


it is starting from this radius that the 
back wheel B comes into contact with 
the inside rail (second case). 

Before proceeding to the investigation 


eo 


Metres. 


0.75 a) 
b) 


——— 


1.125 a) 


of this case, let us see how the tractive 
force is distributed on the different driv- 
ing axles. Each wheel develops as trac- 
tive effort, a force equal to the longitu- 
dinal component K of the frictional force 
fQ. If we mark with an accent the 
values of K relative to the outside wheels, 
we shall find that the tractive efforts at 
each axle K —+ K’ have different values 
shewn in the table below for different 
total values of the tractive force Z. 


K+K 
a) In units fQ; 
b) In percentages of the total effort. 


0.500 0.807 0.967 
18.1 30.9 37.8 


————— 


0.754 4.246 4.544 
18.5 30.6 38.1 


———_—— 


1.025 4.657 1.657 
20 .0 82.9 82.9 


— 


4.411 4.903 4,841 
22.8 30.6 29.8 


The distribution is therefore unequal 
between the four axles, for the different 
values under consideration of the trac- 
tive force, it is the back axles which are 
nearest to the centre of friction which 
have the largest share. This difference 
is greatest for the smaller values of Z. 

For the normal value Z = 6.2 fQ the 
front axle gives out only 16.8 % of the 
total effort. 


As it is advantageous, especially to 
reduce the frictional losses in the trans- 
mission of power from one wheel to the 
other, that the main driving axle should 
deal with the greatest amount possible 
of the total effort, it would be an ad- 


vantage for this axle not to be placed 
too far away from the centre of friction. 
According to this therefore, the main 
driving axle should be chosen amongst 
the back axles, whilst if a carrying axle 
is necessary, its logical place is in front. 
The figures given in the preceding 
table are valid for all the radii of 


c= top =179m. (8 95 chains). 


Second case. — The wheel B bears on 
the inside rail. 
The condition for this case to happen 
is 
d,? = 
ea << er > (5) 
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If p and gare determined, the value of 
x, is found. z will have to be found by 
trial, so that the corresponding centre of 
friction M, gives a resultant, the longi- 
tudinal component of which is equal 
to Z. The transversal component will 
be resolved according to the lines Y and 
X and by this means the value of these 
reactions will be arrived at. 

The total reactions R, and R, will be 
found by subtracting the transversal 
components Ga, Gp. 


Rea eee 
Re eG 


i 
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a centering arrangement. This is achiev- 
ed by means of springs, inclined planes 
or else by suspension links 

Before attempting the calculations re- 
lative to running in a curve, it is expe- 
dient to examine the nature of the cen- 
tering effort. 

In a general way, if F represents this 
force, we shall have 


F = ¢(e) 
@ representing a definite function of e. 


In the following calculations we will 
suppose F proportional to e. 


Hy = ewe 
If € represents the angular displace- 
ment, we obtain 
e=>=me 


the angular displacement is itself repre- 
sented by the expression 


¢ Mt do — Xo 


: (13) 


+ —/)40 


II 
Arrangement type B. 


Locomotive with four coupled axles 
and pony truck in front. 


We will again suppose that all the 
wheels are equally loaded (fig. 9). 

Let e be the linear displacement of 
the pony truck in relation to the centre 
line of the engine. In order that the 
pony truck may transfer to the main 
frame the guiding action it receives from 
the rail, it is necessary to make use of 


x, being the distance from the centre 
of friction M of the coupled batch of 
wheels to the front driving axle, x, the 
distance from the centre of friction N 
of the pony truck, d, the distance be- 
tween the front driving axle and the 
carrying axle. 

In the case we are supposing 


xy + do - 
@ 


F=k.e=k.m *? units fQ. (14) 


If we now consider the pony truck 
(fig. 10) we find that its centre of fric- 


= 


~—_ hee 


a= 67 = 


tion must be such that the correspond- 
ing frictional resultant is in equilibrium 
at P round the first front outside axle. 

The reaction Y, is thus determined and 
is equal to 


Yo=P+ F + 2Go 


G. being the transversal component of 
the thrust of the front wheel on the rail. 
The total reaction of the rail will be 


Ro = P+F+ Go 


All the particulars relating to the ques- 
tion have thus been found. 

As F is known, the linear displacement 
of the pony truck is known; it is the 


same for the angular displacement «= & 
nv 
and as (fig. 11) 
ass 
eres + : x (15) 


Fig. 44. 


it may be seen that the corresponding 
radius p of the curve is determined. | 


__ 4 + do — %o 
E 


(16) 


The exact position of all the axles be- 
tween rails may thus be determined. 
Draw AS perpendicular to the carry- 
ing axle, the plane of the outside wheels 
will meet it in S. The distance y from 
this point to the outside rail will be 
.: 2Qoeypm — m2 


And on applying formula (5) we find: 


povtaios 


e 2oe4n + a -- n? — m? (18) 


and likewise 
5 22,1 + 2ocgm + n* — m? — dy? (19) 


Sit ae 75 
or further 
2x,d4 = dy 
Sd es 2 (20) 
* 
* * 


The following investigation shews that 
as far as the thrust on the rail by the 
different groups of wheels is concerned, 
there are only three possible cases : 


1° The carrying axle only bears on the 
outside rail, the others circulating freely; 

9° The carrying axle and the first 
coupled axle bearing simultaneously on 
the outside rail; 

3° The carrying axle bears on the out- 
side rail and the last coupled axle on the 
inside rail. 


a) The locomotive running without 
steam. 


First case. — The carrying axle only 
bearing on the outside rail, 

The group of coupled axles running 
freely and without developing any trac- 
tive effort, the centre of friction corres- 
ponding to it will be situated on the 
centre line of the locomotive (z = 0). 

Let M be its position (fig. 12). At this 
centre M the frictional forces fQ corres- 
pond, the position and direction of 
which are well determined. 

The position of the locomotive being 
considered stable, the resultant of the 
frictional forces corresponding to M 
should balance with the reactions, P at 
the real or imaginary pivot of the pony 
truck and the centering force F, which 
are transferred to the main framing. 
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These two forces P and F being in the 
same direction, it will be immediately 
seen that the resultant of the frictional 
forces which they should balance must 
pass between P and F, The only points M 
that it is necessary to consider, at least 


res trot 


Vig. 42. 


as far as the first case is concerned, are 
those included between two points: 
Mp, My. The first giving a resultant 
passing through P, the second a resul- 
tont passing through F. 

It therefore any point M in this part 
is chosen, there will be a definite cor- 
responding resultant which if resolved 
along the directions of P and F, the 
values of these reactions will be found 
at once. 

If the pony truck (fig. 10) is consider- 
ed, it will be found that the frictional 
forces must be in equilibrium with the 
reaction P. The frictional resultant is 
equal to 


2cos7.f/Q 


Its leverage is 5 tan y and its moment 
round the centre of axle is 
M=s.siny«/Q 
In order that equilibrium may be 
maintained therefore, it is necessary that 
Pm=s.siny.fQ 


It will be immediately seen that the 
value of P is limited to 
- 
P =—, 
max iT 7Q (21) 


This value corresponds to the fric- 
tional forces at the wheels of the front 


axle parallel to the centre line of the 
engine. The corresponding centre of 
friction is therefore found at the centre 
line of the axle x, = 0.. 

The carrying axle is therefore radial... 

The ground to take into consideration 
through which the frictional resultant 
passes becomes therefore smaller and 
only reaches from the point giving a 
component P equal to the maximum 


pe fQ and the centre line of the carry- 
m 


ing axle. 

In the case with which we are deal- 
ing, it is found that when x, = 3.09). 
Pm = 1.5 fQ from which P = 0.857 fQ 
and x, = 0. The carrying axle is there- 
fore radial. 

For each group of values x, x, there 
is a definite corresponding radius of 
the curve which is given by the for- 
mula (14): 


km 
P= se (x1 + do — 20) 


this radius also depends therefore on 
the value of the coefficient of propor- 
tionality k. It should also be pointed out 
that the same component P can also be 
balanced round the centre line of the 
carrying axle by the frictional forces 
obtained in starting from a centre of 
friction placed in front of the carrying 
axle at a distance — x,. This is clearly 
shewn in figure 13. N and N’ are sym- 


Fig. 13. 


metrical in relation to the centre line of 
the carrying axle. _‘It will be seen the- 
refore that to each value of x, will cor- 
respond definite values of P and F and 
two equa! values and contrary signs 
fOray. 


ee 
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For the value x, = 3.09 we find x, = 0; 
this case constitutes therefore the cross- 
ing point from the positive group of 


also be seen that when x, becomes ne- 
gative, the radius p of the corresponding 
curve increases. In this way the follow- 


values to the negative group. It will ing series of values are found : 
SE 
3.05 | 3.07 | 3.08 | 3.09 3.08 3.07 
J EE a a aa 
0.493 0.680 0.829 0.858 0.829 0.680 
2.230 2.100 2.040 4.985 2.040 2.100 
; 1.07 0.594 0.369 0 — 0.369 | — 0.594 
0.820 0.649 0.476 0 — 0.476 | — 0.619 
4,363 4.018 3.821 2.843 shut 1.542 
3.600 3.543 3.399 3.345 2.843 2.393 2.161 
1.86% 3.52% 4.44k 4,.ATR 4.85 hk 5.102 5.13% 
p when & = 100. 186 352 444 447 485 540 513 
— k= 70. 130 246 290 313 340 357 359 
y, when k = 100. 0.0332 0.0083 | 0.0050 | 0.0038 | 0.0022 0.0016 0 
Sue ie = 10), 0.0448 | 0.0072 | 0.0055 | 0.0032 | 0.0024 0 
y, when & = 4100. . | (0.0542) | 0.0196 0.0134 0.0109 0.0084 
— k= 70. (0.0775) | 0.0284 0.0487 | 0.0155 0.0114 
y3 when k = 100. 5m 00 one 
— k= 10. (0.0819) | 0.0306 0.0204 | 0.0474 0.0130 


Second case. —- The carrying axle and 
the first coupled axle bear on the out- 
side rail... 

This case occurs when the thrust P at 
the pivot, can no longer be balanced by 
the frictional forces developed at the 
pony truck wheels, that is to say, when P 
has its maximum value (for x, = 3.09). 


; s 
Puox = — -/Q 


¥, being nothing, the formula (18) gives: 
m? — n2 
Rigere 


_ = —— mh 
m 2m 


a 


or in the case we are considering : 
Xp = — 0.4286 v4 + 0.7143 


It will be consequently seen that for 
the second case, x, is always negative. 
The carrying axle bears therefore on the 
outside rail inversely to the usual way; 
its angle of thrust will always be nega- 
tive. 

The calculation is easily made as fol- 
lows : x, being fixed upon, a definite 
value of a, results on account of the 
above relation. 

a. being determined, the reaction at 
the pivot P which must balance the fric- 
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tions of the carrying wheels is imme- 
diately found. 


The resultant of the frictions of the 
group of coupled wheels, which is 
kown, since x, is fixed a priori, should 
therefore be resolved according to the 
line YS; P which is determined in magni- 
tude, and F. The forces Y, and F are 
therefore determined. 


.The total reaction of the rail at the 
carrying axle will be as before 


Ro = P + F— Go 


the reaction R, at the first coupled axle 
will be 


G, being the transversal component of 
the frictional effort at the first outside 
coupled axle. 


We find that the second case ceases 
to happen, the radius of the curve in- 
creasing when P + F, forces applied to 
the pony truck, make a sum which is 
precisely equal to 2 G,. The reaction 
of the outside rail limits itself then to 
G, and therefore it is no longer neces- 
sary for the wheel to bear on the rail, 
that is to say, yo =0. It is found that 
this limiting case happens when x, = 3.461 
and p = 14.1 k, namely if k= 100, ep 1.410 m. 
(70 1/2 chains) and if k= 70, p = 986m. 
(49.3 chains). 


The following resutts are found : 


Ry = Yi — Gy 

i 3.10 3.20 | 3.30 | 3.40 3.461 
seit) — 0.615 — 0.656 — 0.704 — 0.744 
iv 0.663 0.643 0.629 0.610 
FR 2.00 41.66 Ase 4.04 
Go 0.684 0..656 0.675 0.704 
R® 2.03 4.65 4.29 0.944 
R, — 02791: =} 0.4438 0428-420. 990 
p 5.43 & 6.70% 8.44% $1227 %) 14.4 kh 
When & = 100. 543 670 844 41420 4410 
Whenk = 70. 380 469 589 784 986 
y4 when i008 anaes 0.0078 0.0069 0.0060 0.0040 
Third case. — The inside back wheel it will be seen that the third case. hap- 


bears on the rail at the same time as 
the outside wheel of the pony truck 
bears on the outside rail. 

If we look back to the first case, we 
see that for small radii the value of y, 
can exceed the total play between rails 
o, for y, increases when the JUS de- 
creases. 


If Z = 0, o = 35 mm. (1 3/8 inches) 


pens for radii less than 212, Bhs (10.6 
chains). 

A new unknown quantity comes, ‘into 
play; this is the reaction X at the back 
wheel. 

The back axle bearing on the inside 
rail, we get 

204l + 2xopm + n? — papas d,;? 

1 — oe Se ee 


— 
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We have therefore a relation between 
dp, 4 and fo. 
On the other hand, we have as before : 


A 


The method of resolving will be the 
same as before. If p and o are given, 
a value of x, will be chosen which will 
lead immediately to the determination 
of G, and of P. 

The forces P and F balance, round the 
inside back wheel, with the frictional 
resultant of the group of coupled axles. 
The value of x, corresponding to a, is 
found from the first formula above. 
The frictional resultant is therefore 
determined, it balances three parallel 
forces x,, P, F, of which one, P, is abso- 
lutely determined; x, and F are there- 
fore also determined. 

If x, has been well chosen, the center- 
ing force F which is found is that which 
proves the formula 


ox + dy — Xo 
- ; 


iY 


es herie 


=. lem. fQ 


The problem is resolved therefore by 
trial. 


When Z = 0, several hypotheses have 
been made : 


IT... p=180m. o=235mm. &= 100. 
Il. = 180m. o=50mm. & = 100. 
TL p= 180m. o=35mm. k= 10. 


The following results are found : 


2.84 
2.95 
0.212 
Pa 
0.969 ° 


2.07 
Papi. 
2.04 
0.939 


2.84 
0.219 
1.90 
0.966 


3.271 
+ 0.287 


3.09 3.474 
+ 0.723 | — 0.344 


| 0.030 0.0334 


0.0239 


Examination of the results shews that 
in the sharpest curves, the guiding 
reaction R, on the carrying axle is 
smaller than in curves of larger radius 
(in the case Z = 0). This must be 
attributed to the intervening action of 
the back axle. The reaction R, on the 
latter is moreover small : + 0.723 [Q 
when p = 180 m. and o = 35 mm. If 
the play o is greater on account of the 
wear of the flange, the locomotive can 
take a position which approaches more 
to that of free circulation, that is to say, 
x, is greater than given above. The 
carrying axle then receives nearly the 
whole of the guiding action. 


Pen ee Of 100. 
EC eee ° 


It results from the examination of the 
values of x, (2.30 — Slee 2eo 7) ena 
the thrust of the back axle is only pos- 
sible when the flanges of the coupled 
axles are thinned. 


If for hypothesis III we suppose the 
tyres of the third coupled axle are not 
thinned, this axle bears on the rail and 
we find for Z = 0. 


xy = 2.45 Re 376 
29 ==11.'72 y1 = 0.0186 
P = 0.368 e = 180 

F = 2.290 o = 0.035 
Gy = 0.903 k =)70 


R, = 3.561 


As may be seen, when the direction is 
influenced by the third driving axle, the 
total reaction R, at the carrying axle is 
bigger and R, is much bigger than R,. 
The third axle is in this case the driving 
axle and its coming into action as direct- 
ing axle should be avoided on account 
of the wear on the tyres and to prevent 
wearing of the bearings of the boxes. 


The influence of the centering con- 
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stant k comes into evidence when com- 
paring the results corresponding to the 
hypotheses I and II. It will be seen that 
when k is smaller, or which comes to 
the same thing, when for the same value 
ef F there is a larger corresponding 
deviation of the carrying axle, as well as 
an increase of the total play o (hypo- 
thesis IT) the value of a, increases so 
that the intervening action of the coup- 
led axle to guide becomes smaller. 


Ro = 3.27 Ry = + 0.287 
when 6 = 35 mm., igri 
whilst 
Ro = 3.09 Ry = + 0.723 
when o= 35 mm., iP == (M0), 


In a general way the equation 


x1 + do — Xo 
0 


1 a a 


shews that if k is proportional to p the 
same value of F will correspond to the 
same values of x, and of x,. 


If therefore a new value k’ is adopted 
we find the series of forces F, R,, etc., 
Ly displacing the diagram of these for- 
ces and making the radii abscisse, in 
such a way as to make the same forces 
correspond with the radii increased in 


the proportion 7 


b) The locomotive exerting a tractive 


effort. 


The same method should be adopted 
in the case of an engine exerting tractive 
effort. It will be seen as before that 
the reaction R, becomes smaller, but 
only for radii less than 350 m. (17 1/2 
chains). 


For longer radii, R, is distinctly 


greater when the locomotive works 
than when it runs without steam. It is 
only. for radii above 640 m. (32 chains) 
that uniformity tends to re-establish it- 
self. This is due to the tractive effort 
producing au extension of the engine, 
and so consequently the first case is 
extended to the above mentioned radius 
(640 m.). 


If the centering force F is constant 
(centering with inclined planes for 
instance) the equation 


ld es |e 


fails. The distance x, is independent of 

and is determined by taking into 
account the fact that the frictional result- 
ant must resolve itself in two com- 
ponents, of which one F is known in 
magnitude and position and the other P 
is given by its direction. 

P is therefore also constant and in 
consequence x,, G,, R,, etc., whatever 
may be the radius of the curve. 


Only the 
varies with p. 


angular displacement €¢€ 


If the values found are introduced in 
the equation 


__ 2xeyn + 2xom + n* — m? 
= = : 


i a 


it will be seen that if the numerator is 
positive, y, will only be zero when 
p =o so that the second case can never 
occur. 


If, on the contrary, the numerator is 
negative, it will be the first case that can 
never happen and x, must be calculated 
from the study of the second case, 


For curves of small radii the thrust on 
the rail is made simultaneously by three 
axles. 


Consideration of the preceding should 
be given in determining the angle of the 
inclined centering planes. 


_. i ie 
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Til 
Arrangement type C. 


Locomotives with four coupled axles 
with Krauss bogie. 


We will suppose equal loading of all 
the axles. 

The first axle 0 is free to move like a 
pony truck round a pivot that is fixed 
relatively to the main framing. The 
coupled axle to which it is connected 
can move transversely. 


Fig. -44. 


In running in a curve the first 
coupled axle must turn according to the 
direction of the curve, and it will be 
seen that the force necessary to accom- 
plish this rotation can only start from 
the outside rail, for the reaction of the 
working of the bissel is directed 
towards the outside and cannot there- 
fore influence this rotation. 

It will be seen therefore that with a 
Krauss bogie, the two front axles always 
bear simultaneously on the outside rail. 

This principle distinguishes it from 
the ordinary bogie with two axles which 
turns round a fixed pivot and in which 
the second axle does not ‘necessarily 
hear on the outside rail. 

From the geometrical point of view 
however these two bogies agree. 

As will be seen from the following 
investigation of this kind of arrange- 
ment, the back axle bears on the inside 
rail for nearly every radius, which 
brings about a small reduction in the 
guiding reactions at the front wheels. 


For curves of small radius, the fric- 
tional centre of the group of coupled 
axles approaches the centre, it is there- 
fore necessary to considerably thin the 
flanges of the intermediate wheels. 

There are therefore only two cases to 
consider: 


First case. — When the back coupled 
axle does not bear on the rail. 

If the main framing is considered, it 
will be seen that the only forces to 
which it is submitted are the frictional 
forces at the wheels, trom a definite 
frictional centre M and the reaction P at 
the bogie pivot. The frictional centre M 
is found by trial and should be such 
that it gives a frictional resultant (for 
axles 2, 3 and 4) passing through the 
pivot P. 

The reaction P balances this resultant. 

As concerns the bogie, its centre of 
friction N will be situated in the middle 
of the distance d, between the two front 
axles. This happens because these two 
axles always bear on the outside rail. 
The frictional resultant for the bogie is 
thus easily determined, it being compos- 
ed of two frictional forces fQ of the 
axle O having N for centre and of two 
frictional forces of axle 1 having M for 
centre. The reactions Y, and Y, are 
therefore determined by the condition 
that they must balance the reaction P at 
the pivot and also the frictional resultant. 

We get as before (formula 15) and 
figure 14 


2 x4 + dy — Xo 
e 
x, +dy)—x 
Spee 4 : Dogapet 
2x,d, — d;? 
aide ts orm..20) 
29 


And if we put 
nt dg 
and take into account that 


COS er 


= 


we find 
i= 5: Oat + dyn — d,?) 


expression which gives the displacement 
of the last coupled axle. 

According to the preceding calcula- 
tions, we sce that, for the first case, the 
reaction at the pivot P and the reactions 
R, and R, of the rail on the two first 
axles are independent of the radius of 
the curve. 

We find when 


Lia) Kyo x) == Lm: od 
ips Ray === 310i YA Sy =a IoD 
Te 2 =2m.l1l 
Second case. — When the back azle 


bears on the inside rail. 
This case occurs in starting from the 
radius which gives 


1 
yi = 2 (2x41 -L don =F d,?) 1) 


or 


220 —— al -4- don — d,? (22) 


The value of x, being that which is 
valid for free circulation, it is found 
when 

A= 
L=6.2 


eo = 12.9 
eo = 11.6. 


For the values of po below these 
figures, the back axle bears on the 
inside rail. It is not therefore from p 
and o taken alone, but from their pro- 
duct po that x, depends, whilst for the 
arrangement type B the values p and o 
act independently. 

The value po being given, the corres- 
ponding value of a2, is given by the 
equation (22). The resultant of the 
frictional forces on the axles 2, 3, 4 is 
therefore determined in magnitude and 
direction, and resolved according to P 
and X,, for the remainder the process 
will be as before. 

It will be found 


When Z=—0: 
[Xone hes tthe: s | 6s3 | Whe) | 9.0 | 10.00 | LR | DES | 129 
m4 2.30 20 aah 2.95 3.20 3.38 3.45 
Pp 4.05 1.20 1.48 5 US !e{0) 1.69 1.74 1.78 
R, 41.55 .| +4.21 | +0.633 | +0.222 | —0.290 | —0.607 | —0.706 
Rig te See ee ee 1.727 1.812 1.93 2.04 2.08 re ks 2.42 
Ry. hee eee i gals) Hee 1.38 1.39 41.46 1.48 41.50 


When Z = 6.2 : 
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As o only varies by steps, the product 
po is proportional to p in the space 
between these steps. 


from 180} 300 
400 


f Radius, in metres 
to 300 


Extra width, in millimetres. . 


a) 10 mm. 


Total play when 
the play in the 


straight line is: / 6) 25 mm. 


from 6.3 


-\ a) 10 mm. 
to 10.5 


Value of po when 
the play in the 
straight line is : from 9 

b) 25 mm. 

to 15 48 


It is as well to point out that the value 
of o which we are considering is made 
up of the normal play when the road is 
straight, which may vary from 10 to 
25 mm. (3/8 to 1 inch), and of the extra 
width in the curve. 


The field in which cases 1 and 2 may 
be applied can be determined by means 
of this table. 


When Z = 0 we have seen that the 
first case is only possible when po > 12.9 
which only happens for radii between 
497 and 500 m. (between 24.85 and 
25 chains), between 586 -and 600, 
680 and 700 as well as above 1290 m. 
(between 29.3 and 30, 34 and 35 as well 
as above 64 1/2 chains). 


When Z = 
happens for radii between 387 and 400, 
446 and 500, 527 and 600, 725 and 800, 
892 and 900 and above 1160 m. 
(between 19.35 and 20, 22.3-and 25, 
26.35 and 30, 36 1/4 and 40, 44.60 and 

‘45 and above 58 chains). 


13.5 


6.2 the first case only 


The following table gives the normal 
values of o according to the figures of 
the Bavarian State Railways: 


400 
500 


500 
600 


600 | 7 


700 800 


800 | Above 


900 


The divergencies are therefore greater 
when the locomotive works than when 
it is running without steam, which is 
clear from what has been stated pre- 
viously. 

It is moreover when the back axle 
(first case) is running freely that R, 
and R, have their greatest value, for 
their direction is then only controlled 
by two axles. 


The smaller po is the more the front 
axles are freed as concerns the guiding 
action, whilst RK, increases. Generally 
speaking the variations of R, and R, are 
small. The variation in steps of po 
brings about a discontinuous variation 
of R, and of R,. 


In the case we are dealing with, R, 
is about equal to 1.4 R,, thus as we have 
previously seen, we can to some extent 
modify this distribution between the 
two front axles, it only being necessary 
to choose the dimensions m, n and d, 
accordingly. 
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IV 
Arrangement type D. 


Locomotive type « Mallet ». 


The present form of locomotive with 
two motive truck arrangements was de- 
signed by Mallet and Rimrott. It con- 
sists of a main frame carrying the boiler 


and form two independent groups with 
motive power; the first group is worked 
by the L. P. cylinders, the second by 
the H. P. cylinders (fig. 15). 


The front truck is kept central in its 
mean position by means of strong spiral 
springs. The directing reaction of the 
rail on the front outside wheel is trans- 
mitted to the main frame (centering 
force F) by the action of the spring. 

The main framing is under the influ- 
ence of a second action, that of the 
pivot P. 

As the front truck on account of its 
small mass would run in an irregular 
manner under the influence of the re- 
ciprocating masses, it is necessary for 
the springs to possess a sufficient initial 
tension. 

Let F be this initial tension which 
increases for each centimetre of linear 
deviation by k kgr. The arrangement 
of springs is such that the spring on the 
side of which the deviation is taking 
place alone comes into play. 

The value of the centering force F 
will then be 


F =F + 100ke (23) 


On the other hand, the angular devia- 


and engine driver’s cab and which is 
attached to the two back axles. 

The two front axles are connected to a 
secondary framing which turns round a 
pivot P situated behind it, approxima- 
tely in the centre of the length of the 
locomotive. 

Axles 1 and 2 are coupled, as are also 
axles 3 and 4, 


dp lomial Ro= Nena 
Peer ee col do = bm,.75 m = 2m. 025 
| 
Se ie 4, =2m. 90 py Omnis 
. 1 je 
, ae lg =2m. 90 L =5m. 80 
Oe Titel 
tion € is equal to 
Tes == 
gta El tees (24) 
i 
In addition we have 
c—— (25) 


m 
By combining these three equations 
we find 
100. k.m (L— de+ x3 — 24) 
p 


F=oF+ 
and 


100.k.m(L— deg + x3 — x4) 
p= ae i (27) 


We will take F = 500 kilograms and 
k = 330 kilograms. 


(26) 


When the front axle alone bears on 
the outside rail. 


In the type of locomotive under con- 
sideration, the tractive effort: Z which 
is supposed to be always equal to 6.2 f/Q 
(4 driving axles) is distributed between 
the two motive trucks. We will suppose 
that the work is distributed equally be- 
tween the two trucks and that they each 
develop a tractive effort equal to 3.1 fQ. 
_ The tractive effort due to the front 
truck is applied to the pivot P. 
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In making the calculation we will 
proceed. as follows : A definite value 
will be chosen for xz,. The correspond- 
ing centre of friction gives a frictional 
resultant the transversal component of 
which shall be resolved according to 
the direction P and F, thus giving the 
values of these reactions. The longi- 
tudinal component will give, in case 
this happens, the tractive effort. 

P and F being determined, the value 
of x, will be looked for, this giving a 


The equation (27) gives the radius p of 
the curve. 

The distances of the axles to the out- 
side rail will be calculated as before 
(arrangement type B). It will be found 

Mos 2x4 iF ee 142 
vie wr Wanye 
and we shail have 


D. 2 («3 +.n) Ilo — Io? 
ae ak onlleah 


or 


frictional resultant which, combined (ERE Ws AUG ae oyy psn 


2p 


We thus find when Z = 0 the follow- 
ing results : 


with P, F and Z, if the case occurs, 
which will pass through the point of 
contact of the front wheel with the out- 
side rail. 


vs = (28) 


af will thus be determined. 


1.40 | 1.45 | 1.50 | 1.52 | 1.57 | 1.60 


a 


F 1.37 1.24 1.08 0.922 | 0.856] 0.694] 0.572 
P —0.560 | —0.324 | —0.042 | 40.232 | +0.354 | +0.643 | 10.848 
a, 2.34 2.455] 2.005 | 4.87 1.84 1.67 1.56 

Gy 0.950 | 0.944} 0.937] 0.930] 0.995] 0.914] 0.984 
R, 2.96 2.80 2.62 2.40 2.29 2.04 1.83 

Y, 3.910;| 8. 74dle  8)557 1 3.330 | 3.215 | 2.918] 2.734 
p 179 222 290 400 470 781 4.440 
Yo 0.0145] 0.040] 0.007 | 0.0045] 0.0036} 0.0019} 0.0009 
V4 0.309] 0.0236} 0.0470]. 0.0117] 0.0097] 0.0055] 0.0028 


It will thus be seen that with the type of engine under consideration and when 
Z = 0, the back axle never bears on the inside rail when p > 180 m. 


It is found that when Z = 6.2 fQ 


ee ee 
2 4.44 1.44 1.435 4.43 1.425 1.420 1.410 
LAS eae 1 04 1.00 0.965 0.885 0.797 0.704 0.644 
ee er =) | —O.800 |>-O. 7770. 712 “|—0.560 |—0.895 |—0.225 |—0.055 
Ge 3 2 ae AoE 3.20 2687 aise 2.04 1.855 4.74 
Fins, <3. api dee ee 2.99 2.60 4.99 1.63 1.43 1.35 
(ON g> “Bey eet (Oe ara Mes 0.819 0.840 0.883 0.919 0.935 0.946 
eae ne. 7). AL ane 1.948 1.930 4.857 sae 1.644 1.480 
Neri Jar Se A* hat SS an oe 2.767 Para) 2.740 2.674 2.546 2.426 
[Sut ele ee hor 178 224 329 458 650 ° 4.005 
ae sk rae 0.0228 | 0.0155 | 0.0078 |. 0.0043 | 0.0026 | 9.0015 
0.0404 | 0.0284 0.0130 } 0.0094 0.0058 | 9.0036 


V-VI-—12 
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As regards the position of the centres 
of friction of the two trucks, it will be 
seen that when Z = 0 as well as when 
Z= 2x 3.1 fQ, axle 4 is nearer to the 
radial position than axle 2. The centre 
of friction is situated at no great dis- 
tance in front of the back axle, as on a 
locomotive with rigid axles. 

On the other hand, 2, and x, are 
naturally smaller in the case with which 
we are dealing; for instance when 
p = 329 m. (16.45 chains) and Z = 2 x 
3.1 fQ, the expression x, + nm + LC which 
is that corresponding to rigid axles will 
be equal to 5 m. 15 (16 ft. 10 3/4 in.), 
whilst x, is only equal to 2 m. 35 (7 ft. 
Set 2pime);. 

It results from this that G, and G, 
are in fact negligible. 

Examination. of results shews that 
when the radius of the curve increases, 
axle 2 approaches the rail and axle 4 
places itself more and more radially. It 
is also noticed that x, varies within 
greater limits than a,. It follows that 
the back truck is more stable and the 
oscillations in the running of the front 
truck are only transmitted to a small 
extent to the main framing, its inertia 
not being taken into account. 


When the radius of the curve p incre- 
ases progressively, the directing action 
R, has a decreasing influence, first 
rapid and then slower when Z= 0. 
When the locomotive works, R, becomes 
smaller, and also decreases, though 
slowly, as the radius of the curve in- 
creases. The ordinate z from the centre 
of friction is greater for the front truck, 
on account of the greater value of 2; 
and varies between 2.99 and 1.35 for x 
placed between 3.20 and 1.74 whilst the 
divergence is hardly 1.42 for the values 
of x,. , 

On account of the higher value of the 
supplementary speed of slipping (with 
Z~0) and from what has been said 
previously, the pivoting takes place 
much more easily at the wheels of the 


front truck than at those of the back 
one. It is therefore advisable to give to 
the H. P. cylinders of the back truck a 
greater proportion of the motive work. 

In addition to the hypotheses made as 
regards the centring constants F and k, 
two additional hypotheses have been 
put forward ; 


Hypothesis II . 
— Il. 


* F = 100 ker. 
. |, # = 500 ker. 


k = 330 ker. 
k = 250 kgr. 


The reduction of F and k has the 
effect that a definite value of the direct- 
ing reaction R, corresponds with smal- 
ler radii, or, which comes to the same 
thing, equal radii correspond to smaller 
reactions R,. It is not however advis- 
able to go too far in reducing the center- 
ing constants on account of the disturb- 
ing movements of the front truck. 

We may further remark that when 2, 
increases beyond a certain value, it hap- 
pens that the reaction F given by the 
calculation is smaller than the initial 
tension F. The divergence e is in that 
case nil and corresponds to a radius 
pi 


In the example, we are dealing with 
this case happens : 


when Z= 0 
x= 1.42 x5 = 1.64 
F = 0.416 fQ = 500 ker. 


when Z = 2X3.1 fQ 
xy 1.55 x5 1.39 
F = 0.416 fQ = 500 ker. 


In the construction of recent locomo- 
tives of this type, the front truck is pro- 
vided in addition with a carrying axle. 
In this way the development of the trac- 
tive effort in curves for the front truck 
is improved and a better stability is 
obtained as far as the disturbing action 
of the mechanisin is concerned. 
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Vv 
Arrangement type E. 


Locomotive with two coupled axles 
and front bogie. 


This type of engine is nearly always 
used for express engines, and in Amer- 
ica even for very powerful goods en- 
gines. 


Fig. 416. 


The rotation of .the bogie can be 
accomplished without resistance, but its 
transversal displacement develops a 
centering force which is produced 
either by the action of springs, or by a 
component of the weight acting on a 
link arrangement. The springs are 
generally fixed in tension, and act in the 
centre of the distance between the two 
axles or a little behind this point. 

The side play is limited by stops to 
30 mm. (1 3/16 inches). 


First case. — When the front azle only 
bears on the rail. 

The centre of friction M is determined 
by the condition that the resultant of 
the frictional forces passes through the 
bogie pivot. The reaction at the bogie 
pivot is determined on account of it. - 

The centre of friction N of the bogie 
is determined by~the condition that the 
resultant of the total forces of friction at 
the bogie and of the reaction F passes 
through the point of contact of the front 
wheel with the rail which gives the 
reaction Y,. 


All the values thus found are inde- 
pendent of the radius of the curve. 


We find when Z=0: 

4=2.307 %3 = 2.225 

G,=0.952 Y,=3.394 
and when Z = 3.1 /Q 


Sy —2.c0*  Ks—1.89 ZV 16 » H—0-731 
G,=0.954 Y,=3.144 Rj=—2.19. 


F=1.206 
Ry=2.442 


The transversal displacement e of 
the bogie is calculated by means of the 
relation which connects e and F. 

If we suppose that the springs have 
an initial tension F = 500 kgr. and that 
they have a deflection of 10 mm. per 
330 kgr., it is found that with a centring 
force F=1206 /fQ the displacement 
e = 0.0287. Knowing e the calculation 
of y, and y, can be made and the exact 
position of the locomotive between the 
rails is thus found. 

An axle supposed to be fixed at the 
distance of the pivot of the bogie would 
have as distance to the rail 


2x,m—m?2 
2p 


v= 


If this axle formed part of the main 
framing its distance from the rail would 
be 


v= vi —e. 


And on account of the formulae pre- 
viously established we immediately find 


2(n+x;3) n —n? 
Pe ee pee ee 
ys =v—et+ = 


24m + 2x3n + n? — m? 
3 ee SS 


29 
and 
2(n+«;)1—P 
2p 
Q2n,m + 2x31 —12 — m? + 2ln 


2p 


¥e=v—e+ 
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and when Z=3.1 /Q: 


We find for the hypothesis put for- 
ward above : 


13.16 
ys = —— — 0.0287 


p 


15.56 
yi = 4 —=— 0.0287 
p 


The limit of the first case is furnished 
by the condition : 
ys =0 
We find 
13.16 
0.0287 


always following the hypotheses as put 
forward above: Z=0, F = 500. 

For radii of greater length we come 
to the 


Second case. —- When the front azle 
of the bogie and the front or back coup- 
led axle bear stimultaneously on the out- 
side rail. 

A centre of friction will be chosen 
for the group of coupled axles, to this 
will correspond a frictional resultant 
which is resolved in directions F and 
Y, which will thus be determined. 

The centre of friction of the bogie will 
be found as previously. The value e of 
the displacement of the bogie will be 
calculated, and the corresponding ra- 
dius of the curve determined by the 
formula 

24m + 2x3n + n? — m2 
a 2e 


p> == 457 m* 


(vs = 0). 


We thus find when Z = 0 the follow- 
ing values: 


2.30 | 2.35 | 2.40 | 2.45 


0.862 | 0.752 
2.37 2.39 
2.26 rs 74) 


—0.172 |+0.070 


F. cimuacs), 12 O38 mmOnerg) 
2.33 | 2.35 
Ri. .e | Seetmeeree 


—0.638 |—-0.407 


It will be seen that according to the 
value of x,, which is positive, that axle 
3 bears on the outside rail before axle 
4 can do so. This supposes that the 
tyres of axle 3 are of normal section. 
If the flanges of axle 3 are reduced in 
section, the first case is limited to the 
moment where the 4 coupled axle bears 
on the outside rail. 

This is case 2b. It will be seen that 
when Z=0, it can only happen when 
p 2542 m. 

The calculation is made in a similar 
way, axle 4 simply taking the place of 
axle: 

It is found when 


i F = 500 
when 
15.56 
p15) 
P07 


| 3.50 | 4.00 


1.067 
2.33 
0.955 
2.369 
1.787 
0.0239 
1 070 


1.44 
2.325 
0.955 


Reese 


1.647 
0.0252 
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Third case. — When axle 4 bears on 
the inside rail. 

It is found that y,= o = 35 mm, in 
supposing 


Z=0 F = 500 
when 
15.56 
p > 0.0637 = 245 m. 


When Z= 3.1 fQ we should have had 


The calculations are made as before. 
When axle 4 bears on the rail and axle 3 
circulates freely, the smallest value of 
Deas 

3 


which corresponds to radii R = 175 m. 
when Z=0 and p= 244 m. when 
BSc k FO). 


It is found when 


Zier — 9500) '=='35 mom, 


ig tha eee 4.064 4.144 
ae S| 2 385 2.320 
i) ey 2.44 
Reese ott 21-0.208 — 0.024 
6S ee 0.0284 0.0264 


9 re 175 216 


For radii less than 175 m. and 244 m. 
(8 3/4 and 12 1/5 chains) the directing 
action passes from axle 4 to axle 3. 


Fourth case. — When axle 3 bears 
on the inside rail. 

The calculation has been made when 
Z = 3.1 fQ when p < 244 m. in taking 
o =35 mm. 

We have for instance when 


oe 20) 21.82 N= 1.144 x, =2.32 
R, = 2.66 R; = 1.623 e = 0.0255 
p= 166m. 5 


If the tyres of axle 3 had reduced 
flanges, this change of action from 
axle 4 to axle 3 would naturally not take 
place. 
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Suldbach Tests : A Swiss study of bridge action. 


Figs 1 to 10, p. 913 to 916. 


(Engineering News-Record.) 


A remarkable study of bridge action 
carried out in Switzerland throws valu- 
able light on questions of continuity due 
to interaction of the separate elements 
of truss bridge framework. It affords the 
clearest picture of the behavior of a 
pony-truss structure that has ever been 
obtained experimentally, and it defines 
the interrelation of the various parts of 
the floor construction and their relation 
to the bottom chord and crossframe con- 
struction virtually for the first time. No 
publication of the data or the results has 
yet been made, although the tests were 
carried out three years ago. The follow- 
ing abstract of the investigation is based 
on a manuscript copy of the report, sup- 
plied by M. Ros, secretary of the Swiss 
Bridge Builders and Structural Fabrica- 
tors Association, which carried out the 
work as part of the ambitious research- 
test program outlined in Engineering 
News-Record of 30 June, 1921, p. 113. 


Bridge data. — The bridge tested is a 
single-track railway span, one of a pair on 
double-track line of the Létschberg Rail- 
way over the Suldbach near Milenen. It 
is a pony-truss parallel-chord span 63 ft. 
4 1/2 in. long center to. center of end 
bearings, comprising eight panels of 
7.92 feet each. The trusses are 7.89 feet 
deep center to center of web connections, 
and 8.18 feet deep over all. The road- 
way width center to center of trusses is 
16.42 feet and the two lines of stringers 
are spaced 5.90 feet apart. The panel 


length of the bottom lateral system is 
two truss panels. The truss web system 
comprises posts at all panel points and 
crossed diagonals in each panel. The 
rails rest on wooden cross-ties on I-beam 
stringers. 


The truss chords are single-web T sec- 
tions consisting of a web plate 141/2 
inch, two angles 3 3/163 3/16 3/8, 
and one or two cover plates 14 inches 
wide. The posts are star sections of four 
angles 2 3/42 3/4x3/8 inch; the com- 
pression and counter diagonals two 
7-inch channels or two T’s back to back, 
the tension diagonals two 7 or 9-inch 
flat bars. The floorbeams are 20-inch 
plate girders connected to the posts by 
triangular bracket plates extending the 
full height of the posts, 22 inches wide 
at the base (24 inches in the case of the 
end post) by 3/8 inch thick, spliced into 
the floor-beam webs. The stringers are 
single 12 3/4 inch I-beams. 


Test methods. — All the tests were 
made under static loading, using a single 
concentration of known amount. For 
vertical loading, a single-axle test load 
of 24.9 metric tons (27 440 lb. per wheel) 
was provided. The test axle was arrang- 
ed at mid-length of a four-wheel truck, 
with vertical adjustment enabling the 
full weight of the truck to be concen- 
trated on it when in position for test. 
Horizontal loading of the top chord was 
provided by a’ straining tackle with 
spring-scale dynamometer (fig. 1), which 
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could be put in place between the top 
chords and by which a horizontal force 


of 4408 Ib. acting to pull the top chords 
together was applied. 


Fig. 1. — Stress-test arrangements on Suldbach bridge. 


At left, strain yoke for lateral loading of top chord; test truck in 


rear. At right, extensometers, deflection recorders, 


and clinometers on stringers. 


Measurements of stresses, deflections 
and slopes were made on various mem- 
bers of floor, trusses and laterals, usually 
under a succession of different positions 
of the test load. In most instances the 
results were plotted in the form of in- 
fluence lines (showing the variation of 
effect at a given point under a traveling 
load, plotted along the travel of the load). 
The deflection and slope measurements 
checked closely with the stress measure- 
ments, but in some cases the former serv- 
ed to bring out a particular effect more 
prominently. A sufficient number of 
extensometers was used at any one meas- 
uring point (compare figure 1, right- 
hand view) to give the stress at the prin- 
cipal corners of the cross-section, so 
that the true mean stress could be deter- 
mined as well as the amount of vertical 
and lateral bending and torsion. The 
torsion of various members was deter- 
mined directly by clinometer measure- 
ments, which were also used in deter- 
mining the change of slope of a point on 


floorbeam, post or stringer during the 
travel of a load. 

The tests with horizontal force applied 
to the top chord gave little or no infor- 
mation additional to that furnished by 
the vertical-load measurements. Tests 
with simultaneous horizontal and ver- 
tical loading confirmed the applicability 
of the rule of superposition. With a 
single exception, the following summary 
reports only vertical-load measurements. 


Stringer continuity. — Some typical 
results of the stringer measurements are 
shown in figure 2. Curves are given of 
flange stress at the third-point of the 
third panel, and of angular deflection at 
points in the second and third panels 
close to the floorbeam between these 
panels; all the curves are drawn as in- 
fluence lines. They exhibit the conti- 
nuity of the bottom chord at first glance. 
The stress curve, which is rather more 
symmetrical and consistent ‘than those 
obtained in some of the other panels, is 
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remarkable in indicating the effect of 
the general deflection of the span and 
the floorbeam deflection; reverse bend- 
ing does not begin as soon as the load 
passes off the stringer, but only when 
the load has passed some _ distance 
beyond the first tie in the next span. The 
sketch of the stringer connection to the 
floorbeam given in the figure shows that 
the attachment is not superior in rigidity 
to that ordinarily used. 

The measurement of slope at two 
cross-sections in adjoining panels, these 
sections being on opposite sides of the 
same floorbeam, brings out the conti- 
nuity of the stringers even more clearly, 
though the difference between the curves 
for the two points is not explained by 
the data. 

The curve of stress at center of gravity 
of the stringer, derived from the meas- 
ured flange stresses and shown by dash- 
and-dot lines in figure 2, theoretically 
indicates participation of the stringers 
in the transmission of bottom-chord 
stress, but the effect is considered to be 
within the limits of experimental error. 
The effect of floor tension was found 
more definitely in the lateral bending of 
the floorbeams and in the stresses of 
the bottom lateral system. 

With respect to the latter, the speci- 
men stress influence lines given in fig- 
ure 3 are instructive. In all three cases 
they show a resultant tension, especially 
pronounced when the load is in the two 
panels of the laterals nearest the point of 
measurement. As these curves were 
taken under vertical loading, the stress 
in the laterals is due to the elongation of 
the chords and to the spreading of the 
bottom chords near the loaded panels by 
the stretch of the bottom flanges of the 
floorbeams. Probably the stretch of the 
bottom flange of the stringer while bend- 
ing under load also plays a part in creat- 
ing tension in the laterals. It is to be 
borne in mind that the laterals are rivet- 


ed to the bottom flanges of the floor-— 


beams at the intersection points, which 


connection resulted in introducing a 
number of apparent anomalies into the 
lateral as well as the floorbeam stresses. 

The pronounced bending in the mem- 
bers of the lateral system and the inequa- 
lity in stress distribution between the 
two, diagonals of a single panel (see 
lower curves in figure 3) also invite 
attention. 


Beam and chord behavior. 


Floorbeam stresses. — Continuity of 
the floor is further demonstrated by the 
measurements of floorbeam flange 
stresses, one set of which is plotted in 
figure 4, an influence line of stress of 
the floorbeam three panels from the 
expansion end. It will be seen very pro- 
nounced bending exists in the floorbeam 
for some time after the load has passed 
off the tributary stringer panels. The 
four separate curves shown by light, 
full, and dotted lines respectively repre- 
sent the two edges of upper and lower 
flanges respectively, and the heavy full 
lines (derived from the others) refer to 
the middle of the flange width. The 
stresses in the opposite edges of either 
flange give clear evidence of consider- 
able sidewise bending of the floorbeam, 
reversing under the load. 

“Clinometer measurements near the 
ends of the floorbeams were also made 
during the passage of the test load; one 
influence line is included in figure 4. It 
gives evidence that there was downward 
bending in the floorbeam while the load 
remained within two panels of it, and 
thus tends to show that the truss deflec- 
tion played a negligible part in its effect 
on the behavior of the floor, and that the 
continuity of the floor itself was the do- 
minant feature. 


Crossframe action. — Two sets of 
observations, out of a large number, on 
the behavior of the crossframe (floor- 
beam, posts and bracket gussets) are re- 
produced in figure 5, together with a 
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Fig. 2. — Stringer stresses; influence lines 
for stress and slope. 
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Fig. 3. — Stresses in bottom laterals. 


_ 
Fig. 4. — Floorbeam stress and slope 
influence lines. 
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Fig. 5. — Bending in post bracket-plates. 
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Fig. 6. — Vertical and lateral bending 
in bottom chord. 
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Fig. 7. — Top-chord stress influence lines, 
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Fig. 8. — Distribution of stress between two web 
systems. 


Fig. 9. — Top-chord bending under vertical load; 
elastic continuity. 


Horizontal lad af VY 
Slope at A 


Fig, 40. —- Clinometer readings on cross-frames 
under horizontal load at midspan. 


location diagram. They refer to the mid- 
span frame (V). The influence diagram 
of stresses in the posts and brackets at 
track level (point 114) shows very pro- 
nounced bending in the post, of reversed 
direction, as the load moves along the 
span. While the major bending is that 
in the plane of the floorbeam, with pro- 
nounced tensile stress along the inner 
edge of the bracket plate when the frame 
in question is loaded, there is also a 
decided bending in the longitudinal 
direction, reversing as the load. passes 
the crossframe. 

Slope measurements by clinometer 
made at the top and at two points near 
the base of the crossframe, as indicated 
in the location diagram, bring out the 
influence of the lateral deflecting tend- 
ency of the top chord upon the cross- 
frame action. The slopes near the base 
of the frame are very regular, and quite 
in accord with the floorbeam bending as 
shown in figure 4; the slope at the top, 
however, decreases as the load comes on 
the floorbeam of the crossframe in ques- 
tion, evidently due to an outward press- 
ure exerted by the top chord tending to 
resist the distortion of the crossframe. 
Apparently this. action accounts for the 
tensile stress developed at the inner edge 
of the bracket plate, shown in the stress 
diagram. 


Chord stresses. — While the chord- 
stress measurements show diagrams that 
in general check closely with what would 
be expected, a number of interesting ano 
malies appear. 

In the case of the bottom chord, decid- 
ed differences in the behavior of the 
corresponding members of the two 
opposite trusses are found in certain 
cases. The end panel presents such a 
case, as shown by the curves for point 
50 in figure 6. While the mean tension 
is pretty much the same for both chords, 
the chord of the left truss has two pro- 
nounced irregularities, one being an 
abnormal excess of stress when the load 


ae 


is near the first panel point, and the 
other a very decided upward bending of 
the chord, shown by high tension in the 
upper edge of the chord web-plate, 
which persists for all positions of the 
moving load. The former effect may 
arise from irregularities of tie bearing, 
but the other, lying in the truss itself, is 
possibly due to a kink in the member 
which tends to straighten out under ten- 
sion. Near mid-span the bottom chord 
appears to behave more normally, with 
slight downward bending as might be 
expected to result from the general de- 
flection of the span. There is little 
lateral bending shown either here or in 
the end panel, each of the measuring 
points being at the center of a panel. 


Top chord irregularities. 


Much greater irregularities appear in 
the top-chord stresses, figure 7. At 
point 2, the extensometer at the bottom 
edge of the chord web was located over 
a web splice, and here a highly abnormal 
compressive stress appears. There is 
obvious lateral bending, the member 
bending inward presumably by the effect 
of the crossframe distortion, though the 
maximum does not occur until the load 
reaches the first panel-point. At mid- 
panel, point 3, the lateral bending is 
even more pronounced. However, the 
greatest lateral bending (compare points 
36, 37 and 38) occurs at a panel point 
- (38), where it approximately doubles the 
extreme-fiber compression. At the quart- 
er point and middle of the panel 
(37 and 36) the lateral bending amounts 
to only about 50 % increase of the mean 
stress. The general downward bending 
of the span is indicated by the deficiency 
in stress at the bottom edge of the web 
at 36, and a pronounced secondary-stress 
effect possibly representing the shear 
deflection in the loaded panels is 
revealed by the downward bending 
appearing at 37. These curves are typ- 


ical of the others obtained from the top- 
chord measurements. 


Diagonals. — The double web system 
makes the diagonal stress measurements 
of peculiar interest. As the compression 
and counter diagonals are stiff and the 
tension diagonals flexible (two flats), 
unequal distribution of stress between 
the two systems might be expected. 
From the measurements plotted in fig- 
ure 8 it appears that any differences of 
this sort are much smaller than the diffe- 
rences between inner and outer bar of a 
member and the bending and twisting 
stresses in the channels of the compres- 
sion diagonals. However, after elimina- 
tion of these, by taking mean stresses 
computed for the center of gravity of the 
member, as is done in the two lower 
diagrams, it appears that the tension dia- 
gonals take considerably higher stresses 
than the compression diagonals in the 
end panels, and somewhat higher stresses 
even in the center panels, where the 
same section is used (two T’s, 4 3/4X 
2 1/2X3/8 inch). 


Lateral bending of top chord. — The 
preceding curves are influence lines. 
Bending of the top chord is shown in a 
more readily intelligible way by the geo- 
metric plots, figures 9 and 10. Figure 9 
is for vertical load, figure 10 for hori- 
zontal load. For the former the lateral 
deflections are plotted, so that the curves 
represent the actual shape of the chord 
(in plan view) to greatly exaggerated 
scale. As in each of the four curves only 
one point is loaded, the chord deflection 
is controlled by the crossframe-action. 
With load at mid-panel, the lateral ordi- 
nate of the top chord is greatest at mid- 
panel, though the deflecting force is 
applied through the frame at the panel 
point. The curves show a remarkably 
perfect degree of elastic action in the 
top chord, and give complete assurance 
that the top-chord action and stress dis- 
tribution with respect to lateral bending 
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proceed -strictly in accordance with 
elastic hypotheses. In fact, the dateral 
continuity of the chord is great enough 
to cause the chord to pull the cross- 
frames at some distance from the loaded 
region outward from. normal position. 

More complete proof of this latter 
point is furnished by the slopes of the 
posts (for half the span) under horizon- 
tal load. Figure 10 plots the curve for a 
load of 4400 lb. lateral pull on the top 
chord at mid-span. In this case the only 
vertical action exerted is that due to the 
reactions resulting from the elastic con- 
tinuity of the floor which is bent down 
at the frame where the transverse pull 
is applied, by the downward bending 
of the floorbeam. If this action, how- 
ever, were controlling in the transmis- 
sion of top chord deflections, the greater 
slopes at the points of outward bending 
would occur in the lower portion of the 
posts, whereas the diagram shows that 
the slope at top of post is greatest throug- 
hout the span. 


Conclusions. 


Analysis of results. — Exhaustive ana- 
lysis of the results of the measurements 
by comparing them with theoretical cal- 
culations yielded some noteworthy re- 
sults. 

The twisting tendency of the stringers, 
due to the outward thrust of the lower 
fibers of the tie and the concentration of 
tie load on the inner flange, was small, 
the two effects almost balancing. The 
maximum eccentricity of tie load (in- 
ward) was found to be less than 1/2 inch. 
Study of the stringer continuity indicat- 
ed that slackness of the connections to 
the floorbeams reduced by -one-half the 
negative moment at the ends of the 
panel, even after allowing for yielding 
of supports. 

Reduction of stringer moment below 
the simple-span moment, mainly by con- 
tinuity and only in very minor degree 
by rail distribution, averaged about 


12 1/2 % at mid-span and 31 % at one- 
sixth the span from the support; but as 
side thrust and torsion effects increased 
the extreme-fiber stress from vertical 
bending alone by amounts of 28 to 49 %, 
it was concluded that it is justifiable to 
neglect the continuity as compensation 
for the neglect of thrust and eccentricity 
of loading. The end shear was found to 
be slightly reduced (by 1/4 to 1/3). The 
results were interpreted as indicating 
that if full continuity be counted on, the 
stringer connections should be detailed 
accordingly, to be capable of carrying 
a negative moment of 38 % of the center 
moment and an end shear three-fourths 
that of a simple span; while if only 
partial continuity is to be taken into 
account, as with ordinary detailing, a 
negative moment only half as great, or 
19 %, and a shear on the floorbeam 
rivets of two-thirds the simple-span shear 
is to be counted. The floorbeam rivets 
are subjected to a moment which is at 
least equal to the stringer end shear miul- 
tiplied by the distance from connection 
rivets to floorbeam web. 

Floorbeam concentrations were found 
to be considerably reduced by the con- 
tinuity. For load directly over the floor- 
beam, the concentration appeared to 
average about three-fourths of the axle 
load, about 13 % going to each adjacent 
floorbeam, while slight upward reac- 
tions appeared at the next two floor- 
beams. Other effects, however, increas- 
ed the floorbeam stress to that corre- 
sponding to about 86 % of the actual’ 
load. The analysis of crossframe action 
was interpreted as indicating that the 
resistance of the bottom chord and of 
the laterals has little effect on the beha- 
vior of the frame. The end constraint 
of the floorbeams, according to the test, 
was relatively small. 4 

Comparison of the truss stresses with 
those obtained by three methods of cal- 
culation—shear divided equally between 
tension and compression diagonals, 
shear divided in proportion to area, and 
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precise calculation according to relative 
deflections—indicated that all three are 
fairly applicable, the variations of meas- 
urements equaling or exceeding the 
differences between the several methods. 
The bottom-chord stresses are uniformly 
less than the calculated ones, doubtless 
due to the chord action of the bottom 
lateral system and the stringers. 
Floorbeam bending by the differential 
movement of stringers and bottom chord 
is broadly in agreement with what would 
be expected, but on analysis was found 
to be so greatly affected by the attach- 
ment of the laterals to alternate floor- 
beams as to make any numerical com- 
parison impossible. The stresses in the 
laterals caused by vertical loading were 
found in agreement with the amount 
computed from the bottom-chord elon- 
gation, in that part of the influence lines 
(fig. 3) which is of normal form; the 
increased lateral stresses in the loaded 
panels appear to be attributable to the 
spreading effect of the floorbeam bottom 
flange elongation. The greatest percen- 


tage of the chord stress carried by the 
lateral system amounted to 6 1/2 %, but 
the large percentages occurred in the 
end panels, where the stresses were 
small in amount. The percentage of 
stress that went through the chord itself 
increased with the amount of the theore- 
tical stress; a maximum of 93.6 %. 

Under horizontal loading the meas- 
ured floorbeam moments were found to 
be 10 to 20 % less than the calculated, 
due to the rigidity of the attached mem- 
bers of the floor system. 

A few tests made with combined ver- 
tical and horizontal loading (but not 
with loads at the same panel point, as 
the horizontal straining device interfered 
with the vertical-load truck) resulted in 
showing that the measured stresses cor- 
respond to the sum of the separate 
stresses due to vertical and horizontal 
loading, with slight excess of the meas- 
ured values under combined loading. 
This effect is charged to the reduction 
of restraints that have a relieving effect 
when only one form of loading is applied. 
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Maintenance cost statistics worth while, 
; By Cuartes WHISS. 


Fig. 1, p. 924. 


(Railway Maintenance Engineer.) 


That individual who originated the 
conception that statistics are only lies 
under a different name had a rather 
warped notion regarding this important 
subject. It is very true that statistics 
have been used or abused to prove many 
untruths, either because they are not ap- 
plicable to the subject in hand or not 
sufficiently extensive or because the ar- 
guments were based on false premises 
and used only some insignificant part of 
the data. This should not, however, de- 
tract from the true value of figures. The 
important points to determine are 
1° how extensive are the figures; 2° do 
they represent average conditions, and, 
if not, have peculiar or local conditions 
been explained and allowed for, and 
' 3° was the data taken by capable and 
trustworthy parties? The situation is 
really analogous to the application of 
most empirical formulae. If used blindly 
very erroneous results may be obtained, 
but it is essential to interpret properly 
all constant and peculiar conditions. - 

With the above thoughts in view it is 
desired to show what a valuable by-pro- 
duct and how great an investment for 
the future of an engineer or supervisor, 
carefully compiled records are. The 
engineer is a busy man and has but little 
time for such additional duties as com- 
piling records. It is nevertheless to his 
very great advantage to maintain care- 
ful records of work done under his di- 
rection, and he can get the essential 
facts without the loss of much time. In 
fact, it will be seen that much of what 
is hereafter referred to can be done by 


some subordinate clerk or rodman. 
After a proper start and with occasional 
criticism or correction, such work will 
run on almost automatically. At the 
outset, the following requirements should 
be fulfilled : simplicity of compilation, 
ease of representation and, more im- 
portant still, ease of understanding. 


Very few maintenance men pay much 
attention to this subject as may be sur- 
mised from the different estimates two 
men will often give for the same piece of 
work. They may both be capable tech- 
nical men, but, having kept no records, 
they can only guess at probabilities. In- 
telligent planning of work and the pre- 
paration of budgets, estimates and seaso- 
nal or annual programs is very depen- 
dent upon the accumulation of figures 
from work that has been done in the 
past. To compute the force required 
on a division during a year, it is not only 
necessary to know what material will be 
needed, but also what the capacity of 
one man isin applying different classes 
of this material. We must know how 
many ties one man can install in an eight- 
hour day, how many yards of ballast he 
can clean and similar information. In 
figuring the cost of a proposed piece of 
new work it is necessary to know the 
cost of such items as laying a ton or foot 
of new rail, installing switches, unload- 
ing ties, etc. Average conditions should, 
of course, be aimed at. 

These same data are the most reliable 
basis for determining how long it will 
take to complete the same piece of work. 
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Unless a contractor has such knowledge 
he will be sadly underbid by another 
who has, or he will be entering the con- 
tract financially blind. The more such 
data he has the closer margin he can 
cut, and the more economical results 
will be assured for all parties concerned. 


Since 1914 prices and man power have | 


been such uncertain, volatile quantities 
and have been changing so rapidly that 
the accumulation of data have been of 
very slight practical value. Past per- 
formance was indeed a poor criterion 
for future guidance. Furthermore, cost 
was of secondary importance to the mat- 
ter of getting the job done. Money was 
plentiful, but men were scarce. These 
unusual conditions have now largely 
disappeared and we have already reach- 
ed a degree of stability that, warrants 
the practice of rigid economy, one vital 
feature of which calls for accurate re- 
cords. Prices of materials and wage 
scales will undoubtedly undergo further 
readjustment, but the performance of 
labor has in many instances already 
reached pre-war standards. No argu- 
ments need be presented here to prove 
that competition in the future will be 
much keener than it has been for a long 
time. Axiomatic as that statement is, it 
further emphasizes the importance of 
being able to compute our requirements 
closely. 


The budget question, like all others, 
possesses many peculiarities. Mainten- 
ance men often complain about the ar- 
bitrary manner in which their allow- 
ances are slashed and determined by the 
management. Such practice is indeed 
very common and fundamentally wrong. 
It is unscientific and causes serious dis- 


ruptions of well-laid plans. But it is 
not entirely one sided. Maintenance 


men overlook or ignore the fact that 
their own estimates are very often me- 
rely guesses. They have kept such 
meager data that their figures are based 
upon more or less vague recollections of 


offhand observations. Higher officers, 
often from their own early experiences, 
know this to be the case, and can there- 
fore hardly be blamed for not placing 
implicit confidence in the estimates they 
receive, preferring rather to be guided 
by their own judgment as influenced by 
langer questions unknown to subordi- 
nates. 

Critics will argue that budgets and re- 
cords such as are referred to herein re- 
present a waste of time. Their strong 
point is that only a certain number of 
men will be allowed, and that merely 
keeping a record of where the money 
goes to will not hold any of it back. 
After the vast amount of discussion that 
has recently filled the newspaper and 
magazine columns on the subject of the 
national budget, it seems useless to dis- 
cuss the subject with such unwary ones. 
If they are unaware of the economies 
that have been effected in state and mu- 
nicipal governments after the introduc- 
tion of budgets, a little study of the sub- 
ject might prove very illuminating to 
them. A talk with any housewife who 
keeps a record of her household expenses 
will also prove convincing, for the iden- 
tical principle is involved in all the in- 
stances cited. The housewife will tell 
him that before keeping records she did 
not realize where the money went to, 
but after doing so she was startled at 
the enormity of some supposedly insigni- 
ficant items. A slight study of them 
showed her where she could effect con- 
siderable savings. This situation is ana- 
logous to an entire railroad system as 
well as to an individual foreman’s sec- 
tion of the same. One method of elimi- 
nating waste, the greatest handicap to 
our industrial efficiency, is to keep re- 
cords. and study them. 

In railroad as well as in most other 
kinds of work, such information presents 
an excellent basis for comparing work 
done in different localities and with dif- 
ferent men, methods, tools, etc. Allow- 
ing for unusual conditions, it is an ac- 
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where the best anne also ee p 
methods are probably — being used 
further study of which may reveal va- 
luable information. They show us 
where the machine should be lubricated 
and friction eliminated. x 

The offhand objection to this question 
of records is that it involves too much 
bookkeeping. There is undoubtedly the 


possibility of going into too much de- 
tail, but the fundamental facts can be 


ascertained without much ‘detailed la- 
bor, as previously stated, principally 
with the aid of some low-paid subordi- 


nate. irks 
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On practically all railroads, as veal as 


on engineering projects in general, the 


foreman or a timekeeper, shows either 


in a time book or on time sheets all the ~ 


information that is the basis for main- 
tenance or ‘construction costkeeping. 
This record must show the number of 
men working and the hours made by 
each with corresponding totals, in order 
that payrolls may be prepared properly. 
In addition, notation is usually made of 
what was accomplished, as, for example, 
raising 16 rail lengths of track, 4 inches, 
(88 h.; ‘leveling ballast, 24 h.; total, 112 h. 
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*. At some regular period, as at the end 
of the month, all the figures on the page 
are totalled and averaged. They can 
then be transferred to a similar page in 
a more permanent book, which is devot- 
ed to the same item for the entire divi- 
sion, excepting that in this particular 
case, one page would be devoted to main 
track, one to siding and another to yard 
ties. There each foreman’s efficiency 
can be noted at a glance, and the final 
average for the year will give a very re- 
liable figure to use for future estimates. 
For items that do not appear very often, 
as for installing switches, separate cards 
are not required for each foreman, but a 
single page is used for it in the book. A 
column should be included, however, 
wherein the foreman’s name can be en- 
tered. The actual daily routine should 
be somewhat as follows : the time 
sheets are first assembled in the order 
that they appear on the payrolls, which 
is the same order used for the cards. 
The sheets are then taken in rotation and 
the amounts transferred to the corres- 
ponding cards. The total operation for 
a force of several hundred men should 
not take more than 15 m. daily, as the 
mathematical calculations can be made 
with-a slide rule. 


The following items, at least, shoud be 
kept track of and as many more as de- 
Siréd: :.s 


Cost of laying rail per ton or per foot. for 
various weights of rail in main and other 
tracks. 

Cost of installing ties in main and other 
tracks. 

Cost of raising one foot of track various 
heights in different kinds of ballast. 

Cost of cleaning track per foot or yard. 

Cost of installing switches, cross-overs and 
crossings of various kinds. 

Cost of applying tie plates, rail anchors, 
braces, clamps, splices, bolts, ete. 

Cost of leveling various kinds of ballast. 

Cost of loading and unloading ties, ballast 
and other material. 


Cost of gaging, lining and spot-surfacing 
track per foot. 

Cost of tamping ties. 

Cost of tightening and oiling bolts, per mile, 
per year. 

Cost of policing tracks and right of way per 
mile per year. 

Cost of various incidental items, such as 
masonry work, repairing crossings, ete. 

Cost of work train service, per hour and for 
various kinds of work. 


Extensive tests of various devices and 
methods are in constant progress on 
most railroads to determine their eco- 
nomy or efficiency. Very often, how- 
ever, there is no substantial basis for 
comparison with other similar materials 
or means. Furthermore, we are rarely 
in a position to give comparative figures 
accurately, and when we realize how 
necessary such information is for future 
progress and guidance, the value of col- 
lecting data similar to that suggested by 
the following, will also be very apparent: 


Relative cost of maintaining track in cin- 
der, stone, slag and gravel ballast. 

Relative cost of maintaining freight and 
passenger tracks. 

Relative cost of maintaining tracks on 
straight lines and curves. 

Relative cost of tamping ties by hand and 
with automatic tampers. 

Relative cost of cleaning ballast by hand 
and by machine. 

Relative cost of ditching by hand, steam 
shovel, narrow gaige cars, etc. 

Relative cost of maintaining earth, masonry 
and sodded slopes and ditches. 

Relative cost of maintaining and erecting 
wire, wooden and concrete right of way fences, 
snow and inter-track fences. 

Relative cost of maintaining track with 
wood and steel ties. 

Relative cost of maintaining various types 
of poles, lamsp-posts, crossings, signals, cul- 
verts, pipes, switch stands and lamps, ete. 

Relative cost of applying various types of 
splices, rail anchors, tie-plates and other fas- 
tenings, as well as cost of maintaining same. 


y-VI—13 


99452 


Relative cost of unloading rail, ballast and 
other materials by different means. 

Relative cost of laying rail by different 
methods or practices. 


The salient features of comparative 
cost data can be simply shown graphi- 
cally by plotting figures for each unit 
at regular periods, either monthly or an- 
nually. Such charts similar to_ that 
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Costin cents of installing one te 


shown for ties can be made for the prin- 
cipal items and of pocket-note book size. 
A few of these tell the entire story ata 
glance, and in a manner that can be very 
much appreciated by higher officers. 
Similar charts can be worked up to 
show what is being accomplished quan- 
titatively, that is, the number of ties in- 
stalled, the amount of track raised, and 
so on. 


Fig. 1. — The cost of installing ties on sections. 


The mass of information referred to 
here can be obtained with very little ex- 
penditure of time. It shows not only 
actual costs and comparative costs, but 
indicates the capacity of men in different 
lines of work. By training the foremen, 
still other equally useful information is 
secured, such as the average life of ties, 
rail, ballast and other material, the fre- 
quency with which ballast should be 


cleaned, and above all, the annual requi- 
rements. The latter very important con- 
sideration is at present usually a guess, 
based upon previous guesses. These 
guesses often require as much labor as 
getting the facts, and they would all be 
eliminated with the introduction of some 
such simple system as the one outlined 
above. 


MISCELLANEOUS INFORMATION 
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1. — Retirement of Mr. Robert Winkler, technical director of the Swiss Federal Postal 
and Railway Department, member of the Permanent Commission of the International 


Railway Association. 


The following is the text of the offi- 
cial letter by means of which the Fed- 
eral Railway Department informed the 
Swiss presse of the resignation of 
our eminent and sympathetic colleague, 
Mr. Robert Winkler : 


Mr. Robert Winkler, Engineer, has just 
resigned, on account of ill health, his post of 
Director of the Technical Service of the Swiss 
Federal Railway Department, after having 
held the same with great distinction for 
21 years. The thanks which the Federal 
Council have offered him for the services 
which he has rendered to the nation are by 
no means a mere formality. 

It was in 1901 that Mr. Winkler, who was 
then Director of the Pilatus Railway, was 
appointed to this position by the Federal Coun- 
cillor Mr. Zemp, who anticipated that it 
would be very necessary to have a competent 
technical collaborator, in view of the impor- 
tant developments, from the constructional 
point of view, which were about to take place 
in the nationalised railways. Mr. Winkler has 
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certainly fulfilled-the great hopes which were 
then placed in him. In this important post 
and throughout his long career he has not only 
acquired the esteem and confidence of the 
railway administrations -in this own country, 
but has also excercised an influence which has. 
often been the decisive factor in solving inter- 
national railway problems. 

At the present time, the regret of having 
been obliged, by reasons of health, to aban- 
don the duties in which he took such an inte- 
rest, is increased by the thought that some 
of the progress which he has helped to effect, 
as regards railway unification on the continent, 
appears to be threatened by the after effects. 
of the world war. 

We hope that our distinguished friend may 
long enjoy the rest which he has so well 
earned. 


We join with the Federal Depart- 
ment in wishing our esteemed colleague 
a rapid return to health. 


The Executive Committee. 


2. — Dynamiting sub-strata overcomes slides. 
By C. M. McVAY, 


DIVISION ENGINEER, NEW YORK CENTRAL LINES, CHARLESTON, W. VA. 


Figs. 1 and 2, pp. 926 and 927. 


(Railway Maintenance Engineer.) 


During the building of the Kanawha & West 
Virginia’s new line from Gauley Bridge to 
Belva, W. Va., between September 1917, and 


June 1919, a bad slip occurred at Belva, the 
handling and relief of which gave rise to very 


' interesting problems. The slip extended a dist- 


o : : : ch ADE Ms 
Fig. 4. — Clearing up another slide. -* 


yards of excavation. When construction work 
was completed, however, a total of 75 361 cu- 
bic yards had been removed and since that 
time about 800 yards additional have been 
taken out by a ditcher, 

~C. W. Marshall, a contractor of Kansas City, 
Mo., started work in this cut in the latter 
part of: September 1917. The weather was 
very dry at that time and by November the 
cut had been made and the work was thought 
to be completed. About the middle of Decem- 
ber, however, wet weather set in and after 
two days it was impossible to tell that a 
shovel had ever been in the cut. A county 
road ran along the lower side of the cut and 
as the cut filled in the earth not only com- 
pletely covered the new railroad grade, but 
the county road as well, the grade being buried 


to a depth of about 18 to 20 feet on the center 
The county road was made passable at 


line. 
once by team work, but as the contractor’s 


equipment had all been moved down” the river °° 


to the next cut, further work in the cut was 
postponed until spring, 

- About the middle of May, therefore, after 
the earth had thawed out and dried thor- 
oughly, the excavation of the slide was begun 


greater extent than anticipated. 
1919, therefore, when another slide covered 
the main track and part of the loading track, — 
this temporary track was utilized for passing — 


and it was all but completed when a recur- 
rence of rainy weather brought on another 
slide, making it necessary to remove the shovel 
for a few days. As soon as the weather 


cleared up another cut was then Bide through ~ 


the slip. This eut stood in good shape for 
several weeks, as a result of which the stand- 
ard track was laid at tthis point, but in Sep- 


tember 1918, during a wet spell, another slip 


occurred and the track was entirely covered. 
The shovel cleared this earth away by casting 
it over to the side adjacent to the county 


road, from which location the material was 


then loaded inte cars on the main track. 
Immediately after this was done a temporary 
track was constructed along the side of the 
county road to be used as a loading track in 
case of another slide. This was a double end 
track, which provided the means of getting 
around the slide unless it came down to a 
In January 


trains, while the slide was cleared from the 
main track. 


It was evident that the ordinary remedies 
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for slides, such as piling, bulkheads or walls, 
would not hold or stop this movement, as it 
all came from above and would have covered 
such structures in a short time. The top of 
a hard layer of blue clay, soapy and imper- 
vious to water, extended 6 to 10 feet above 
the new grade. -The entire formation above 
the blue clay was a sandy yellow clay with 
about 30 % of boulders and loose rock. This 
formation was very porous and the water 
ran down through it to the blue clay forma- 
tion and then along the top of this to the 
face of the cut. The top formation was loosen- 
ed in this manner and in wet weather simply 
slipped over the blue clay. 
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Fig. 2. — Ana-erage section through the hillside. 


In May 1919, a break was discovered about 
500 feet up the side of the mountain and the 
entire section below it seemed to be moving 
towards the track. It was then determined 
to attempt a remedy by drilling through these 
upper formations to the solid rock and 
breaking up the various strata by explosives 
so’ that the water would pass through them 
rather than flow toward the face of the cut. 
A four-inch « Cyclone » gasoline drill was 
installed and holes drilled about 75 feet back 
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of the top of the slope of cut and 75 feet. 
apart. A total of 11 holes were drilled, rang- 
ing from 95 feet to about 130 feet deep, These: 
holes were from 110 to 190 feet from the cen- 
ter line of the main track. They were drilled 
from 8 to 10 feet into the soapstone formation 
which surmounted the solid rock 20 to 25 feet. 
below grade. It was necessary to case the top: 
part of each hole in the sandy clay and boul- 
ders. As soon as a hole was drilled it was. 
sprung and immediately loaded and shot. 
About 100 lb. of dynamite was placed in the 
bottom or rock shot and about 75 lb. in the 
upper or blue clay shot, the latter being placed 
at about the height of the grade. Between 
the lower and upper shots the holes were 
filled with sand. The holes necessitated their 
shooting quickly after cleaning as water ran 
in very rapidly. In each case the casing was 
pulled after the hole was loaded and everyth- 
ing made ready for shooting. 

There was no distortion of the face of the 
eut or the ground around the hole as a result. 
of the shooting and the surface dried up imme- 
diately. Since the completion of these holes 
two years ago the cut has held up in good 
shape and has never blocked the track. As 
the front slope is now becoming well covered 
with vegetation no further trouble of a serious 
nature is anticipated. The total length of 
holes drilled was about 1 232 linear feet. The 
total cost of drilling and shooting the holes 
was $1816.92, which represents a cost of 
approximately 81.47 per linear feet of hole. 
The entire work of drilling and blasting was 
started late in May 1919, and finished early 
in July. 


3 — New locomotives for the Northern Pacific. 


Fig. 


3, p. 929. 


(Railway Age’. 


The Northern Pacific placed one of the 
largest orders for locomotives given in 1920. 
This consisted of 20 eight-wheel switchers 
(0-8-0 type), 20 Pacific (4-6-2 type), 25 Mi- 
kado (2-8-2 type) and 6 Mallets (2-8-8-2 type), 


all of which were built by the American Loco- 
motive Company at the Brooks plant. 


Pacific type. 


The Pacific type locomotives, railroad Class 
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Q-5, are of a new design developed to meet 
the need for a heavier fast passenger engine 
to haul the overload trains. They have been 
assigned to all divisions between Dilworth, 
Minn., and Missoula, Mont. The profile on 
these divisions varies from comparatively level 
to grades of 2.8 %, which occur in the Rocky 
Mountains, with curves up ‘to 16 degrees. 
The average train consists of 12 cars, although 
in the summer season the number occasionally 
reaches as high as 17.. The majority of these 
locomotives operate over two divisions or sub- 
divisions of about 110 miles each, crews being 
changed at the end of each sub-division. In 
other cases the locomotives are assigned to 
the heaviest runs in such a way that they 
double the subdivision each day, there being 
in such cases either two crews assigned to 
each engine or three crews to two engines. 
These Pacific type locomotives have a rated 
tractive effort of 41 900 lb. with 26 by 28 inch 
eylinders, and 73 inch driving wheels and 
weigh 314000 lb., of which 181000 lb. is on 
the drivers. They have boilers of the conical 
connection type with wide firebox, combustion 
chamber 39 inches long, tubes 18 feet long, 
brick arch and superheater. The tenders are 
equipped with coal pushers. 


\ 


Mikado type. 


The Mikado type locomotives, railroad 
Class W-3, are similar in design to previous 
locomotives which have been found to be well 
suited to general traffic conditions on the 
Northern Pacific. They are used in main 
line freight service on several divisions hay- 
ing profiles of different characteristics. On 
the Pasco division they run 153 miles, 90 miles 
of which is a 0.4 % continuous grade, and 
handle trains of 3200 tons. The Yellowstone 
division profile between Mandan, N. D., and 
Glendive, Mont., is a-series of ascending and 
descending grades, with ruling grades of 1.2 % 
both eastward and westward, The rating on 
this division is 1775 tons in both directions. 
On the Seattle division between Auburn and 
Lester, Wash., a fairly uniform 1.0 % grade 
occurs, and the tonnage rating for this portion 
of the division is 1600 tons. From Lester to 
the summit helpers are used and they are also 


employed on several other divisions in the 
mountainous sections. 

These Mikado type locomotives. have a rated 
tractive effort of 57100 ib.; 28 by 30 inch 
eylinders and 63 inch divine wheels, and 
weigh 337000 lb.,.of which 247000 lb. is on 
the drivers. The boilers: are of. the conical 
connection type, provided with brick arches, 
combustion chambers 36 inches long, tubes 
18 feet long and superheaters. 


Mallet type. 


The Mallet type locomotives, railroad Class 
Z-3, are similar to previous’ 2-8-8-2 locomo- 
tives used on the. Northern Pacific. They 
are employed as helpers in freight service on 
the Rocky Mountain and Montana divisions 
where grades are heavy. On the Seattle divi- 
sion they are used as road engines, handling 
2400 tons between Auburn and Lester, the 
grade being uniformly 1.0 %. Helpers are 
used from Lester to the summit of the Cas- 
cade Mountains. 

These locomotives have a rated tractive 
effort of 105100 Jb. operated simple and 
87 600 lb. operated compound. They have a 
total weight of 483000 lb. exclusive of the 
tender, of which 419500 Ib. is on the drivers. 
The high pressure cylinders are 26 by 30 inches 
the low pressure cylinders 40 by 30 inches, 
and the driving wheels are 57 inches in dia- 
meter. The boilers are of the conical connec- 
tion type, firebox 126 1/8 by 96 1/4 inches, 
with combustion chamber 56 inches long, tubes 
24 feet long, brick arches and superheaters. 


Right-wheel switchers. 


These locomotives are of a new design and 
resemble closely those ordered by the U. S. 
R. A. .Both designs are of the same rated 
tractive effort, have the same size cylinders, 
driving wheels and wheel base and the boilers 
are similar. They have 25 by 28 inch cylin- 
ders, 51 inch wheels, weigh 217 000 lb., a wheel 
base of 15 feet and are epee to operate. 
on 19° curves. 


Details and specialties. : 


Longitudinal boiler seams are ywelded for a 
length of 18° inches at front and° back except 
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Fig. 3. — Side elevations of Pacific, Mikado and Mallet types for the Northern Pacific. 
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the seams over the combustion chamber which 
are welded at the front end only on the Pacific 
and Mikado locomotives and are not welded 
on the Mallets. The top seam in the smoke 
box is also welded. The fireboxes of all types 
have the crown and side sheets made of a 
‘single piece. The combustion chamber is also 
made in one piece, butt welded on the bottom 
«center line and butt welded to the firebox 
crown. Two 2 inche3 combustion tubes are 
used in each side of all fireboxes. Injectors 
are of the Hancock non-lifting type and feed 
water enters the boiler through vertical check 
valves. All boilers are equipped with Butter- 
fly firedoors and brick arches. Duplex type D 
stokers are used on the Mikado and Mallet 
locomotives, and coal pushers on the tenders 
of the switcher and Pacific locomotives. 
Driving axles are of hammered open-hearth 
steel, oil heat treated. Front truck, trailing 
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truck and tender axles are of open-hearth 
carbon steel, oil heat treated, as are also the 
crank pins.. On the. Mallet engines the main 
crank pins are hollow bored. Bushings in 
cylinders and steam chests and also packing 
rings for main and valve pistons are of Hunt- 
Spiller iron. Extended piston rods are used 
on the Mikado locomotives and on the low 
pressure cylinders of the Mallets.-Walschaerts 
valve gear is used on all types. Ragonnet 
power reverse gear is applied to the switch 
engines, while the locomotives of the other 
types have Mellin reverse gears with oil pis- 
tons. Other specialties used are Pyle National 
electric head and back-up lights, Franklin 
grate shakers, pneumatic cylinder cocks and 
Chicago flange lubricators. 

The important dimensions, weights and 
factors of the four types of locomotives are 
given in tabular form herewith. - 


4. — Electrification of the British railways. 


In March 1920, the British Minister of 
Transport appointed an Advisory Committee 
to study a certain number of problems arising 
from the electrification of railways, the Terms 
of Reference under which it was appointed 
being as follows : 


« I. — Whether any regulations should be 
made for the purpose of ensuring that the 
future electrification of railways in this coun- 
try is carried out to the best. advantage-in 
regard to interchange of electric locomotives 
and rolling stock, uniformity of equipment 
and/or other matters. 

« Il. — If any such regulations are desir- 
able, what matters should be dealt with, and 
what regulations should be made. 

« III. — How far it is desirable, if at all, 
that railways or sections of railways already 
electrified should be altered so that they may 
form parts of a unified system. » 


Subsequently in October 1920, two further 
questions were referred to he Advisory Com- 
mittee : 


« I. — Whether any regulations should be 


made to limit the drop of potential in an un- 
insulated return conductor on electrically 
operated railways. 

« II. — If any such regulations are desir- 
able, what limits these should impose, and 
under what conditions. » 


The reply to the first three questions having 
been duly published, it does not appear ne- 
cessary to return to this subject, but for the 
sake of convenience, we will simply repeat 
that the Committee consider it desirable that 
certain general regulations should be made for 
observance by the railway companies when 
electrifying their*lines, and directed specially 
to ensuring standardisation of those methods 
and appliances which ate. likely to prove most 
satisfactory under ; British conditions, These 
regulations should be. pliable enough so as to 
put no avoidablé difficulties in the way of the 
adoption in future of any improvements which 
may from time to time become available with 
increasing knowledge and experience. On the 
other hand, the Committee considered that for 
feeding 3 lines, the direct current system at 
a pressure of 1500 volts or of a multiple or 


- 
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sub-multiple of this number, according to the 
hature of the case, should be used, and that 
the current generated for direct current lines 
should be alternating three phase at 25-50 
eycles.. Finally, it recommended that the 
electrification of the London & Brighton Rail- 
way should not be interfered with, the only 
one to which at the present time paragraph IIT 
could be applied. 

‘ The Advisory Committee have just publish- 
ed a supplementary report, which not only 
contains the reply to the two last questions 
asked by the Minister of Transport, but com- 
pletes the provisional report it had prepared 
in the Autumn of 1920. 


It states at the commencement that the 
mass of evidence put before the members dur- 
ing their enquiry, as well as their own 
experience, has only confirmed them more 
strongly in the view — expressed in their 
preceding report — that alternating current 
supply to sub-stations at a frequency of 
50 cycles can be used for railway purposes 
without any detriment to railway working. 

Discussing then the distribution of energy 
along the lines, it insists on the necessity of 
adopting, in order to ensure the intercircula- 
tion of the trains, a type of conductor which 
can be utilised indifferently by locomotives 
working normally at different pressures (1500 
and 600-750 volts). In the case of distribu- 
tion by third rail, the current can be collected 
in two ways, either from the top face or from 
the bottom face of the electrified rail. The 
first method, which is generally used for cur- 
rents of low voltage, is mostly in use at the 
present time; the Advisory Committee, how- 
ever, do not hesitate to give its preference to 
the second, which has the advantage of mak- 
ing it easier to insulate the rail, thus render- 
ing it safer for the men working on the track, 
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The Board of Trade Journal (5 January 
1922) gives the following information, taken 
from the Journal of the Yokohama Ohamber 


allows the use of higher pressures, and in 
addition that of being better protected from 
weather conditions. The latter advantage is 
no less important than the others, especially 
in Northern countries when snow and ice, accu- 
mulating on the top face of the electrified 
rail, sometimes cause the contact to be extre- 
mely defective. However, whilst favouring 
the second method, the Committee in no way 
condemns the first; on the contrary, it con- 
siders that both methods may be used con- 
currently, being possible to fit locomotives 
without any great difficulty with suitably 
designed shoes adaptable for either system. 

The two last questions asked by the Mi- 
nister of Transport are answered in the nega- 
tive, the Committee considering that the acci- 
dents due to a rise of potential above that 
allowed by the present regulations on the re-. 
turn conductors that are uninsulated have 
been, up till now, too few and too unimportant . 
to necessitate the issuing of special regula- 
tions. 

In concluding, the Advisory Committee sums 
up as follows : 

Nature of current suggested for the central 
sub-stations : three phase alternating; 

For the distributing lines : direct current 
system. 


Standard pressure : 1500 volts at the sub- 
station bus bars; a multiple or sub-multiple 
of this pressure in certain particular cases 
subject to the approval of the Minister. 

Method of collecting the current : electrified 
third rail (collecting from either top or bot- 
tom faces), or by overhead wire, this being 
placed over the track in the open 3 feet above 
the maximum load gauge likely to be used on 
the line, and 20 feet above rail level at its 
highest point. 

M. PESCHAUD. 


of the Japanese railways. 


of Commerce, on the electrification scheme 
which has just been definitely decided upon 
by the Japanese Minister of Public Works, and 
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which ‘should apply to 2000 miles of track : 


1° Suburban lines to be electrified to pre- 
vent congestion of traffic : 


Miles, 
Kyoto-Kobe 47 
Minato machi(Via Kitew) Kyoto 51 
Kobe-Himeji 5 ; 34 
Moji-Hakata Re 48 
Osaka-Tennoyis oi. © te erin 6 


2° The following lines are those in moun- 
tainous country, with steep gradients and 
numerous tunnels : 


Mi'es. 
Odawara-Numazu 26 
Maibara-Imasho . 47 
Hachioji-Shiojiri . 116 
Nagoya-Shinooi 151 
Fukushima-Yonazawa . 26 
Yashiro-Kashima 94 
Kameyama-Nara 46 
Utsu-nomiya-Nikko 25 
Koriyama-Niigata . 172 
Oguda-Shinjo 58 
Takasaki-Yokokana. 18 
Karuizawa-Naoetsu 92 
[ 621 .33 (.83) j 
6. — The electrification 


The railways of Chili consist at the present 
day of 5200 miles of track, of which about 
30 % are private lines (principally industrial 
concerns and mining companies). Distinction 
must be made between the lines South of 
Valparaiso which are broad gauge (5 ft. 6 in.) 
and those which are situated to the North, 
which are as a rule narrow gauge. 

Since the war, the Chilian Government has 
felt the need for electrifying the State Rail- 
ways owing to restriction of traffic due to 
the shortage of coal, and the effect which the 
considerable rise in price of this fuel has had 
on the national finances. Thus, a Commission 
on electrification was appointed in 1918. It 
completed its task in the course of the year 
after a careful investigation of the methods 
of electrification in use in other countries, 
and has proposed a’ scheme of considerable 


3° -On the following, advantage will be taken 
of the change in the method of traction to 
make a number of deviations to the lines, 
which will thereby be appreciably shortened ; 


Miles, 
Numagu-Kyoto 244 
Himaji-Simonoski 295 
Ohmiya-Fukushima 151° 


4° On all the above lines, as well as on the 
following, electric energy will be obtained 
from « white coal » : 


Miles. 
Imasho-Naoetsu . 181 
Nagoya-Kameyama, 38 
Ohmiya-Takasaki 46 


5° Finally, on the following lines, which run 
through districts where coal is plentiful and 
cheap, the electric power will bé produced from 
this fuel : 


Miles. 
Kokura-Wakamatsu 56 
Muroran-Yubari . 90 


M. PESCHAUD. 


of the Chilian railways. 


magnitude for the electrification of the Na- 
tional Railways. 

At the present time, only the electrification 
of the Valparaiso-Santiago line (116 miles) 
and the Las-Vegas-Los Andés branch (28 miles) 
is under consideration. To raise the capital 
necessary for this enterprise, a loan of 
$10 500 000 was put upon the Chilian market, 
and according to the Railway Age, was prac: 
tically subscribed in a few hours. 

The second part of the programme will deal 
with the electrification of the Transandine 
Railway, a narrow gauge line which connects 
with the above mentioned at Los Andes, and 
afterwards with the electrification of the 
« Longitudinate », another narrow gauge line 
which leaves the main Valparaiso-Santiago 
line at Calera and runs due North. All these 
lines through mountainous country inelude 


= 
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many tunnels and heavy works of all types, 
steep gradients and sharp curves; electric trac- 
tion must in consequence prove beneficial to 
the development of the traffic. 

Electric energy will be supplied to the Val- 
paraiso-Santiago and Las-Vegas-Los Andes 
lines by three power stations using natural 
waterfalls situated at several points on the 
River Colorado; they will develop, when finish- 


ed, a total power of 120000 kw. The current 
will be transmitted to sub-stations at a press- 
ure of 110000 volts. 

Thirty-nine electric locomotives will be ne- 
eessary to work the traffic on these two lines: 
six locomotives for express trains, eleven for 
local traffic, fifteen for freight trains and 
seven for shunting. They will have the follow- 
ing characteristics : 


; - Weight Length “Wheel Number | Total power _ Speed 
CATEGORY. in* i : f A il 
iomieae tect pnainenes arrangement: ee in H.P. pas nour 
PU MPLOSSHts psMe eo 427 58' 6” 2-6-0 0-6-2 6 2 250 6241.2 
MeOc a leteetet circies sts) 80 40' 6" 0-4-0 0-1-0 + 1 500 56 
relgiietan & cio es 443 49' 10" 0-6-0 0-6-0 6 1 680 40 
Shtuntiee 5.5... 65 40! 0-4-0 0-4-0 4 480 34 
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4, — The termination of State 


At midnight on the 15 August 1921, Go- 
-vernment control of the British railways came 
+o an end, and the Railways Act 1921, which 
was carried by a large majority in the House 
of Commons, set up a new state of affairs. 
Before the war, the State had only a very 
limited control over the companies, but the 
outbreak of war brought about, as in all the 
belligerent countries, a change in the situa- 
tion. The basis of the war-time organization 
of the railways of the United Kingdom is laid 
down by an Act of 1871, the « Regulation of 
the Forces Act », and in virtue of this Act, 
the War Office at midnight 4/5 August 1914, 
on behalf of the Government, took possession 
of the railways of Great Britain. The actual 
management was carried out by an Executive 
Committee selected from the General Mana- 
gers of the railways. On the 1 January 1917 
the Irish railways were dealt with in a similar 
manner and placed under a special Executive 
Sommittee. As in France, the railways of the 


‘United Kingdom were thus placed at the dis- 


° M. PESCHAUD. 


control on the British railways. 


posal of the Government, but were not handed 
over to the direct control of the Secretary of 
State for War. They were entirely managed 
by the Executive Committee of General Man- 
agers, and although this Committee was nomi- 
nally under the chairmanship of the President 
of the Board of Trade (this being the author- 
ity responsible for the Government supervision 
in peace time) the actual chairman was one 
of the members of the Executive Committee. 
The real working was left to the companies 
themselves, it not being considered necessary 
to appoint Government representatives on the 
Committee. 

The same Act of 1871 determined the finan- 
ial provisions of the period of Government 
control. It provided that all the owners of 
the railways thus taken over should be fully 
compensated for all loss or damage that they 
may incur through this Act. It was decided 
on the 6 August 1914 that the compensation 
to be paid to the companies should be equal 
to the difference between the tota! net takings 
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of their lines during the period of State con- 
trol, and the amount of these takings for the 
corresponding period of 1913. In the original 
arrangement, however, no provision was made 
for certain charges which from the point of 
view of equity should be subject to special 
compensation. These were provided for in 
subsequent agreements. The capital expen- 
diture incurred by the companies for works 
brought into use by the Government during 
the period of control obviously required addi- 
tional compensation, and therefore the Govern- 
ment undertook to pay interest at 4 % (1) on 
all expenditure of this mature, including all 
purchases of rolling stock: made after 31 De- 
cember 1912, Agreement was also arrived at 
between the Government and the companies as 
to any reduction in the stock of stores which 
the companies had bought at pre-war prices, 
and which the Government had the advantage 
of using during the period of control. It was 
further laid down as to the method of dealing 
with additional works necessitated by the in- 
crease in traffic brought about by the war 
and with the total capital necessary for the 
same. It was only fair that the companies, 
deprived during the war of the management of 
their business and obliged to limit their traffic 
in order to comply with military necessities, 
should receive compensation and be indemni- 
fied for the various losses incurred by them, 
owing to the State control. of their systems. 
In order to deal with this question in detail, a 
Committee known as the «Colwyn Committee» 
was appointed in 1920, and after lengthy dis- 
cussion, it was decided and jprovided for in 
the Railways Act 1921 that at the termina- 
tion of the period of State control, the sum 
of £60 000000 should be paid as compensation 
to the compamies. 

If the companies have been fairly dealt with 
in this respect, they have however suffered as 
regards their financial position, in consequence 
of the increase in the cost of raw materials, 
and above all, in the very large increases in 
wages, unwisely granted by the Government. 
The companies perceived and at once pointed 
out that as the balance of receipts and expenses 


(4) This was increased to 5 /o from the 4 May 1949. 


had beet upset, they would be compelled to 
resume the working of their lines at a loss. 
The Government did not wish to dispute thia, 
as the increase of 50 % in the passenger fares. 
made in 1917 was adopted to restrict 
the traffic rather than to increase receipts. 
It was pointed out that the increases made in 
1917 and 1920 (75 % for passengers and 112 % 
for goods over pre-war charges), had been post- 
poned too long. The situation became so seri- 
ous that the working expenses for the rail- 
ways of the United Kingdom had risen from 
£78 000 000 in 1913 to £241000000 in 1920,, 
while the takings only rose from £124 000 000: 
to £245000000. The State was of course 
obliged to make up the difference so that the 
pre-war net receipts could be paid. The amount. 
the State had to find for year 1920 amounted 
to £46 000000, and the amount paid up to 
decontrol on 15 August 1921 was 1 milliard 
francs. The chief cause of this financial 
trouble is the increase in wages. The Govern- 
ment improved the conditions of employment, 
and increased the wages far beyond. the limits 
recommended by the Committee of General 
Managers, although to a considerably less de- 
gree than was done in France. They also in- 
troduced the 8 hours day. These measures 
brought about an increase of 76000 in the 
number of employees, which in itself increas- 
ed the wages bill by 25 %. The total wages. 
bill rose from 47 million pounds sterling in 
1913 to £160 000 000 in 1920. In January 1921 
the total wages bill further increased to 
£173 000 000. 


The war being over, the necessity for a 
change was obvious. As a first step towards. 
this, the Government on the 27 February 1919 
decided to create a Ministry of Tramsport, the 
first Minister being Sir Eric Geddes, This. 
was the first step towards unification; the 
Minister was to control all transport, have 
complete authority, and become a sort of State 
Manager of the railways. The. establishment, 
of the Ministry entailed the abolition of the 
General Manager’s Committee. It was first. 
suggested that there should be a Railway 
Advisory Committee consisting of representa- 
tives of the compamies and representatives of 
the employees, but this met with such a storm: 


sap 


of opposition that the suggestion was aban- 
doned. A considerable amount of negotiation 
took place and the Trades Unions abandoned 
any claim for direct representation on the man- 
agement. Finally, general proposals, agreed 
to between the Minister, Sir Eric Geddes, and 
the railway companies, were embodied in a 
Bill which passed — after considerable dis- 
cussion — the House of Commons on the 
11 August 1921 and became law before decontrol 
on the 15 August. Broadly speaking, this 
new Act is similar to that passed in France, 
both being based on the same principles, na- 
mely, simplification, unification and co-ordi- 
nation. With the exception of the London 
suburban railways the whole of the companies 
in Great Britain are to be grouped into four 
large systems. Rates and traffic conditions 
are to be revised and unified. These are to be 
modified so that a net revenue practically 
equal to that earned in 1913 may be obtained. 


The staff, whilst not having a voice in the 
management is to be consulted as regards con- 
ditions of service and rates of pay, whilst 
wages questions may be referred to two per- 
manent boards. The constitution of these will 
be dealt with in a later article. This Act, 
according to the statement of the General 
Manager of one of the large companies, who 
is also Chairman of the Executive Committee 
(Sir: Herbert Walker of the South Western 
Railway) is going to save.the railway situa- 
tion. The £60000000 compensation, which 
the Act guarantees, will enable the permanent. 
way rolling stock, etc., to be put into good 
condition again; a decrease in wages has 
already commenced according to a sliding scale 
system, and the same General Manager esti- 
mates that the companies should recover, by 
1922, their net profit as in 1913, together with 
permanent stability. 
H. F. 
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8. — The new position of British railways in consequence of the Act of 19 August 1921. 


Government control of the British railways, 
which was instituted at the commencement 
of the war, ceased on the 15 August last, 
when the lines were handed back to the com- 
panies. Before this time, several schemes 
were under consideration for the working of 
the lines after that date, the Government 
drawing up a complete one and the Railway 
Companies Association putting forward one 
involving a considerable modification of the 
system of grouping suggested by the Govern- 
ment scheme. In addition to these, the 
various other bodies, including the Association 
of British Chambers of Commerce, the traders, 
the railway shareholders associations and the 
Railwaymen’s Unions gave their opinions on 
these schemes and made suggestions. The 
Government scheme was amended and laid 
before the House of Commons on the 12 May 
last, and after a prolonged discussion in which 
various details were altered, it passed the 
third reading in this House by 237 votes to 82. 
It subsequently passed the House of Lords 
and became law on the 19 August 1921. 


The Bill differs on certain points to the 
original scheme put forward in June 1920. 
This original scheme made provision for the 
following : 


le A system of amalgamation or fusion of 
the railways by which the 250 British com- 
panies were placed into groups, the larger 
lines absorbing the less important indepen- 
dent ones; 


2° The employees to have a share in the 
management, having representatives on the 
Boards of the groups; 


3° The sanction of a scale of rates, whic 
in the opinion of competent. authorities would, 
by efficient working, enable the groups to 
realize a net revenue equal to that of the 
companies before the war. Any excess pro- 
fits over this was to form a reserve fund from 
which the State was to benefit; 


4° The permanent establishment of a Cen- 
tral Wages Board anda National Wages 
Board. 
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The Bill, as passed, may be split up into 
three chief sections : 


1° The scheme of amalgamation is retained, 
but excluding the London suburban compa- 
nies, the number of groups was reduced to 
four. Each group consists of from 4 to 8 
« Constituent » Companies and will absorb 
the smaller « Subsidiary » Companies. The 
groups of « Constituent » Companies are to 
submit to the Minister of Transport a scheme 
for amalgamation and absorption before the 
1 January 1923, and to come into operation 
on the 1 July 1923. Failing agreement, the 
matter is to be settled by the amalgamation 
tribunal set up under the Act. Certain Joint 
lines owned by « Constituent » Companies not 
in the same group, are not included in the 
scheme; 


2° The suggestion of the representatives of 
the employees on the Boards of the groups 
was abandoned. The Central Wages Board 
anid National Wages Board mentioned above 
have been set up. The former of these con- 
sists of eight representatives of the companies 
and eight of the railway employees. The 
latter has an independent chairman nominated 
by the Minister of Labour and consists of 
six representatives of the railway companies, 
six of the railway employees, and four of the 
users of the railways. The constitution and 
functions of the Boards may be defined from 
time to time by a special committee of six 
representatives of the General Managers’ Com- 
mittee of the Railway Clearing House and 
six representatives of the railway unions; 


3° The idea of the Government taking any 
part of any profit in excess of the revenue 
to pay the same dividend as in 1913 was aban- 
doned. In place of this, any excess over the 
net revenue for 1913 and 5 % on capital in- 
eurred during the period of Government con- 
trol is to be divided as 20 % to the companies 
and 80 % to the public in the form of 
cheaper rates. The rates themselves are to 
be fixed to give the net revenue obtained in 
1913. They and certain other conditions of 
transport are to be settled by a Railway 
Rates Tribunal. This is to consist of three 
persons, one of whom must be « a person of 


« experience in commercial affairs one a per- 
« son of experience in railway business » and 
the third who is President, an experienced 
lawyer. This tribunal will be assisted by 
members of two panels. The « general » 
panel consists of representatives of the tra- 
ders, labour, and railway passengers, whilst 
the « railway » panel is formed of railway 
officials. The Bill confirms the agreement 
made for the Government to pay to the railway 
companies £60 000 000 in order that the lines, 
rolling stock, etce., may be restored to a satis- 
factory state of repair. Half of this was 
paid. on the 31 December 1921, and the re- 
mainder is to be paid on the 31 December 1922. 


These are the outstanding features of the 
Bill which inaugurates a new regime on the 
British railways. In many respects it is very 
similar to the measure passed by the French 
Senate. 


It may be summed up briefly as : 


l° Establishing four great railway systems; 

2° In effecting by the group system a uni- 
fication of working conditions; 

3° Granting rates which should give a net 
revenue equal to that of 1913; 

4° Unifying the rates through a Railway 
Rates Tribunal; 


5° Standardising railway wages, etc., through 
two Wages Boards on which the employees 
have representatives. 


Thus we have, simplification, standardisa- 
tion, and by means of the reserve fund, finan- 
eial solidarity, the three principles on which 
the French scheme is based, and which we find 
in the English Act of Parliament. The simi- 
larity between the two is a clear indication 
of the importance which is attached to these 
principles by two of the largest railway 
undertakings in Europe. 

The two schemes are, however, different 
in several details. The fixing of rates is, in 
the English scheme, entrusted to a tribunal, 
while in the French system, it is done by the 
Government. 


The system of dealing with rates and reve- 
nue seems more advantageous than that 


oa * oe RE ine oh Th ‘ 
It should be remembered that the 1913 net ea 

receipts have been made up to the companies 
since 1914, while in France the revenue of _ sind 

two companies has been considerably reduced. 
_ The standardisation of working conditions 

is assured in a more complete manner in the ou 
French scheme than it is in the British. Axe 


H. F. 


* i , ‘ or ak ? ig 
Sita 
“ # r. a 
4 ~ 
7 * 
. 
’ 
: 
is = 
t F * a 
rn i 
> , 
tt 
’ ® 
a'f2G% ka a Pi 
* alti baie ‘i rae: | > ~~ 
= gh WA 1S 
intiv’ 38 ee 
. 
«t 


v-VI—14 


D ue 


4 


ae 


Otto SAND, 
Vice-President of the General Direction of the Swiss Federal 


Member of the local Swiss organising section of the eighth sessi : = 
and delegate of the Federal Railways at that session ; ; af 


_ Reporter to the Rome Congress (April 1922). 


We have been sae grieved by the 


died suddeniy on the 18 December last. 

Mr. Sand, who had always taken a 
great interest in the work of our Associa- 
tion, was appointed reporter: on ques- 
tion III (Special steels) in the pro- 
gramme of the Congress which was to 
have been held in 1915. The report 
which he compiled for that session was 
not able to be published in the English 
edition of the Bulletin before the war (1). 

After the reconstitution of the Asso- 
ciation, Mr. Sand again undertook to 


The supplementary report which he 
wrote on the same subject has also 
appeared in our Bulletin (?). 

Mr. Sand was born at Saint-Gall on 

the 8 April 1856. 

Entering the railway service early in 
life, he became one of the principal tech- 
nical officers of the largest Swiss rail- 
way, to which he rendered services that 
will long be remembered. 

His name is associated with all the 
important constructional works carried 
out by the Federal Railways since their 
coming into existence, among which may 
be mcationed the reconstruction of 
Basle station and the enlargement of the 


(1) See the Bulletin of the Internatengl Railway 
Association tor September 1920, p. 563. 

(?) See the Bulletin of the International Railway 
Association for August 1921, p. 1103. 


news of the death of Mr. Otto Sand, who 


compile a report for the Rome Congress. 


stations at Saint- Gall, Vallorbe, te 
and Bienne. 

He took an active part in t 
tions in connection with 
the railway on the left han 
Lake of Zurich, it pre 
been confined to the righ 
neh aioe constructi¢ 


His attention, BRS ” 
given to the Simplon Tunnel, w oh was 
begun by the Jura-Simplon Railway and +3 
Dnistied by the Federal R ilways. | He 
took a leading part in the construction 
of the second Simplon Tunnel.: 

Mr. Sand was a member of the Swiss 
Commission for investigating electric © 


traction, and he collaborated in the - 
introduction of this new method of < 
working. ; ' i 


He did not shrink from any task how- 
ever onerous it might be, and he often” 
devoted even his leisure time and hol Sg 
days to visiting techni cal Pe att 
order to broadet his vie 

~ information profitable to the Federal 
Railways. . 

The funeral, at which a large number © 
of his friends and col aie were Bas A. ' 
-ent, took place on t 
St. Paul’s Church, Bi 

We offer to the fa 
collaberata our m 


ost ae epee ory 
=~ . : ao 


The , Executive Committee. 


CORRIGEN DA 


Bulletin of December 1921 : 


Page 2145, « West Jersey & Seashore Railroad », 4 column, 1921, mileage : track, line 3 
of the top, instead of : « 160.38 », read + « 150.38 ». 


Page 2145, « Pennsylvania Railroad » : « Paoli & Chestnut Hill », 4% column, 1921, 
mileage : track, line-18 from the top, instead of : « 224.77 », read: « 117.40-». 


Page 2147, 1st column, « Norfolk & Western Railway », lines 3 and 4 from the top : 


instead of + read : 
Mileage: 6) Track miles: Mainline. . . . 82.60 58.26 
Yards and sidings . 25.66 50.00 


Page 2147, 2°4 column, « Pennsylvania Railroad » : « New York Terminal », lines 13 and 14 
from the top : 


instead of ; read : 
Passenger (including 
Locomotive miles per year: Passenger . . 820 372 small amount 
Freight. . . | 549325 freight) 
1 469 343 


Page 2147, 34 column, « Pennsylvania Railroad » : « Paoli & Chestnut Hill », line 4 from 
the top : 


instead of : read : | 


Mileage : ) Track miles : Yards and sidings . 117.4 10.03 
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